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(57)Abstract: 

PURPOSE: To provide an efficient optical modulator. 
CONSTITUTION: This liquid crystal optical device is 
provided with optical fibers 51 and 52 T rod lenses 55 and 
56, prisms 2A and 2B, and a liquid crystal optical 
element 30 consisting of a front substrate 31, a front 
electrode 30A, a liquid crystal solidified composite layer 
30B, a rear electrode 30C used as a reflecting means, 
and a rear substrate 32, and a sufficient gap between 
substrates is reserved to a rugged boundary face in the 
optical path or the liquid crystal solidified composite 
layer or a boundary face inclined at an angle a to the 
reflecting face is provided, and light passes the liquid 
crystal solidified composite layer 30B twice or more. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] Between the light source, the first light guide means, the first prism object, the front 
substrate with which the front electrode was formed, and the flesh-side substrate with which 
the flesh-side electrode was formed The liquid crystal solidification object complex with which 
distributed maintenance of the liquid crystal was carried out into the solidification object matrix 
is pinched. Light is scattered about, in case liquid crystal is controlled by the electric field 
generated between two electrodes and the refractive index of liquid crystal is not in agreement 
with the refractive index of a solidification object matrix. The liquid crystal optical element 
equipped with the liquid crystal solidification object complex layer which light penetrates when 
the refractive index of liquid crystal was mostly in agreement with the refractive index of a 
solidification object matrix, A light reflex means, the second prism object, and the second light 
guide means are established. A light reflex means is arranged in the middle of the optical path 
from the light source to the second light guide means. [ whether a liquid crystal solidification 
object complex layer approaches the reflector side of a light reflex means, and is arranged, and ] 
Or stick to a reflector and are arranged, and the light by which outgoing radiation was carried out 
from the light source passes the first light guide means, and it carries out incidence inside a 
liquid crystal optical element from the incidence section of the first field of a liquid crystal 
optical element through the first prism object. It is reflected once or more with the first 
reflective section or light reflex means of a field, respectively, and outgoing radiation is carried 
out to the last from the outgoing radiation section of the first field. Furthermore, incidence is 
carried out to the second light guide means through the second prism object. By the time it 
results [ from the incidence section ] in the outgoing radiation section, it is 2n about a liquid 
crystal solidification object complex layer. Time (n= 1 or more integers) passage is carried out 
[ whether irregularity is prepared in at least one interface in the interface which the quantity of 
light is controlled by the transmittance of the light of a liquid crystal solidification object complex 
layer in this case, and crosses the optical path inside a liquid crystal optical element, and ] Or 
the spacing d of the liquid crystal solidification object complex layer of a liquid crystal optical 
element, and a light reflex means [ whether it considers as 10 or more times to thickness t of a 
liquid crystal solidification object complex layer, and ] Or liquid crystal optical equipment 
characterized by making at least one interface in the interface which crosses the optical path 
inside a liquid crystal optical element incline only at the predetermined include angle alpha to the 
reflector of a light reflex means. 

[Claim 2] Between the light source, the first light guide means, the front substrate with which 
the front electrode was formed, and the flesh-side substrate with which the flesh-side electrode 
was formed The liquid crystal solidification object complex with which distributed maintenance of 
the liquid crystal was carried out into the solidification object matrix is pinched. Light is 
scattered about, in case liquid crystal is controlled by the electric field generated between two 
electrodes and the refractive index of liquid crystal is not in agreement with the refractive index 
of a solidification object matrix. The liquid crystal optical element equipped with the liquid crystal 
solidification object complex layer which light penetrates when the refractive index of liquid 
crystal was mostly in agreement with the refractive index of a solidification object matrix, A light 
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reflex means, the second light guide means, and the prism object equipped with the reflector are 
established. A light reflex means is arranged in the middle of the optical path from the light 
source to the second light guide means. [ whether a liquid crystal solidification object complex 
layer approaches the reflector side of a light reflex means, and is arranged, and ] Or stick to a 
reflector, it is arranged and the light by which outgoing radiation was carried out from the light 
source is made to pass the first light guide means. A light guide is carried out inside a prism 
object from the plane of incidence of a prism object, and incidence is further carried out inside a 
liquid crystal optical element from the incidence section of the first field of a liquid crystal 
optical element It is reflected once or more with the reflector or light reflex means of a prism 
object, respectively. By the time it finally carries out incidence to the second light guide means 
from the outgoing radiation side of a prism object and reaches [ from the plane of incidence of a 
prism object ] the outgoing radiation side of a prism object, it is 2n about a liquid crystal 
solidification object complex layer. Time (n= 1 or more integers) passage is carried out. [ whether 
irregularity is prepared in at least one interface in the interface which the quantity of light is 
controlled by the transmittance of the light of a liquid crystal solidification object complex layer 
in this case, and crosses the optical path inside a liquid crystal optical element, and ] Or the 
spacing d of the liquid crystal solidification object complex layer of a liquid crystal optical 
element, and a light reflex means [ whether it considers as 10 or more times to thickness t of a 
liquid crystal solidification object complex layer, and ] Or liquid crystal optical equipment 
characterized by making at least one interface in the interface which crosses the optical path 
inside a liquid crystal optical element incline only at the predetermined include angle alpha to the 
reflector of a light reflex means. 

[Claim 3] Liquid crystal optical equipment characterized by forming irregularity in the interface 
which a front electrode makes in the liquid crystal optical equipment with which irregularity was 
prepared in the interface of claims 1 or 2. 

[Claim 4] Liquid crystal optical equipment characterized by forming irregularity in the interface 
which a flesh-side electrode makes in the liquid crystal optical equipment with which irregularity 
was prepared in the interface of any 1 term of claims 1-3. 

[Claim 5] It is liquid crystal optical equipment characterized by coming to use a light reflex 
means also [ electrode / almost flat / of a liquid crystal optical element / flesh-side ] in the 
liquid crystal optical equipment with which irregularity was prepared in the interface of any 1 
term of claims 1-3. 

[Claim 6] Liquid crystal optical equipment characterized by forming a heat regulator in a flesh- 
side substrate side further in the liquid crystal optical equipment of any 1 term of claims 1-5. 
[Claim 7] The lighting system equipped with the liquid crystal optical equipment of any 1 term of 
claims 1-6. 

[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the liquid crystal optical equipment using the 
liquid crystal optical element of the transparency dispersion mold equipped with an optical fiber 
and liquid crystal solidification object complex, and the lighting system using it. 
[0002] 

[Description of the Prior Art] A liquid crystal optical element is arranged between the light 
source and the optical fiber for optical transmissions from the former, and the liquid crystal 
optical equipment which controls the quantity of light transmitted to an optical fiber from the 
light source by the liquid crystal optical element is known. Furthermore, the lighting system and 
luminous-intensity-distribution equipment using the optical fiber bundle, the light source, and the 
liquid crystal optical element which bundled the optical fiber for optical energy transmissions or 
the optical fiber of single track are proposed. 

[0003] Moreover, an optical fiber is used for the light guide means from the light source to a 
liquid crystal optical element, and the configuration which has arranged the liquid crystal optical 
element between optical fibers is proposed. The basic arrangement is shown in drawing 6 as a 
conventional example. It consists of liquid crystal optical elements 30 which show the mode of 
operation of the transparency dispersion mold equipped with the optical fiber 51 for incidence, 
the optical fiber 52 for outgoing radiation, a convex lens 41, and a reflective mold means and 
liquid crystal solidification object complex. And this configuration can attain the modulation of 
light 

[0004] Moreover, although it is the arrangement configuration which resembled this conventional 
example, the optical variable attenuator which used the low loss thin line optical fiber for optical- 
communication information transmissions for the optical optical incidence [ of a liquid crystal 
optical element ] and outgoing radiation side is proposed. As mentioned above, since reduction of 
optical loss is attained by using the liquid crystal optical element equipped with the liquid crystal 
solidification object complex which has the mode of operation of a transparency dispersion mold, 
and can control light without a polarizing plate, even if it uses a high-reflective-liquid-crystal 
optical element and a lens, it is proposed that optical variable attenuator can be built. 
[0005] 

[Problem(s) to be Solved by the Invention] In this case, in order that light may pass a liquid 
crystal solidification object complex layer twice by considering as the configuration of a 
reflective mold, the scattering power of the liquid crystal solidification object complex itself 
improves by leaps and bounds compared with the configuration of the transparency mold which 
light passes once. 

[0006] However, in order for a part of interface reflection produced in the interface of a liquid 
crystal optical element, the interface of the lens for condensing, etc. to always carry out 
incidence to the optical fiber by the side of optical outgoing radiation, when liquid crystal 
solidification object complex was in a dispersion condition, the outgoing radiation quantity of light 
from an optical fiber did not become low, and the extinction ratio of the outgoing radiation light 
by the electrical-potential-difference impression to a liquid crystal solidification object complex 
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layer and un-impressing was not able to say that it was high compared with the configuration of 
a transparency mold. 

[0007] Therefore, the dynamic range of the quantity of light change accompanying the electrical- 
potential-difference seal of approval of a liquid crystal optical element hardly improved as 
compared with the component configuration of a transparency mold, and it was still a low 
characteristic value. Moreover, when the light source which emits a lot of light was used, the 
temperature rise of the liquid crystal optical element accompanying the radiant heat etc. was 
remarkable, the repeatability of various kinds of electro-optics properties (the property of 
applied-voltage pair light transmittance, a dynamic response characteristic, extinction ratio, etc.) 
became low, and exact modulated light became difficult. 
[0008] 

[Means for Solving the Problem] This invention between the light source, the first light guide 
means, the first prism object, the front substrate with which the front electrode was formed, and 
the flesh-side substrate with which the flesh-side electrode was formed The liquid crystal 
solidification object complex with which distributed maintenance of the liquid crystal was carried 
out into the solidification object matrix is pinched. Light is scattered about, in case liquid crystal 
is controlled by the electric field generated between two electrodes and the refractive index of 
liquid crystal is not in agreement with the refractive index of a solidification object matrix. The 
liquid crystal optical element equipped with the liquid crystal solidification object complex layer 
which light penetrates when the refractive index of liquid crystal was mostly in agreement with 
the refractive index of a solidification object matrix, A light reflex means, the second prism 
object, and the second light guide means are established. A light reflex means is arranged in the 
middle of the optical path from the light source to the second light guide means. [ whether a 
liquid crystal solidification object complex layer approaches the reflector side of a light reflex 
means, and is arranged, and ]Or stick to a reflector and are arranged, and the light by which 
outgoing radiation was carried out from the light source passes the first light guide means, and it 
carries out incidence inside a liquid crystal optical element from the incidence section of the 
first field of a liquid crystal optical element through the first prism object. It is reflected once or 
more with the first reflective section or light reflex means of a field, respectively, and outgoing 
radiation is carried out to the last from the outgoing radiation section of the first field. 
Furthermore, incidence is carried out to the second light guide means through the second prism 
object By the time it results [ from the incidence section ] in the outgoing radiation section, it is 
2n about a liquid crystal solidification object complex layer. Time (n= 1 or more integers) passage 
is carried out. [ whether irregularity is prepared in at least one interface in the interface which 
the quantity of light is controlled by the transmittance of the light of a liquid crystal solidification 
object complex layer in this case, and crosses the optical path inside a liquid crystal optical 
element, and ] Or the spacing d of the liquid crystal solidification object complex layer of a liquid 
crystal optical element, and a light reflex means [ whether it considers as 10 or more times to 
thickness t of a liquid crystal solidification object complex layer, and ] Or the liquid crystal 
optical equipment (1) characterized by making at least one interface in the interface which 
crosses the optical path inside a liquid crystal optical element incline only at the predetermined 
include angle alpha to the reflector of a light reflex means is offered. 

[0009] Moreover, between the light source, the first light guide means, the front substrate with 
which the front electrode was formed, and the flesh-side substrate with which the flesh-side 
electrode was formed The liquid crystal solidification object complex with which distributed 
maintenance of the liquid crystal was carried out into the solidification object matrix is pinched. 
Light is scattered about, in case liquid crystal is controlled by the electric field generated 
between two electrodes and the refractive index of liquid crystal is not in agreement with the 
refractive index of a solidification object matrix. The liquid crystal optical element equipped with 
the liquid crystal solidification object complex layer which light penetrates when the refractive 
index of liquid crystal was mostly in agreement with the refractive index of a solidification object 
matrix, A light reflex means, the second light guide means, and the prism object equipped with 
the reflector are established. A light reflex means is arranged in the middle of the optical path 
from the light source to the second light guide means. [ whether a liquid crystal solidification 
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object complex layer approaches the reflector side of a light reflex means, and is arranged, and ] 
Or stick to a reflector, it is arranged and the light by which outgoing radiation was carried out 
from the light source is made to pass the first light guide means. A light guide is carried out 
inside a prism object from the plane of incidence of a prism object, and incidence is further 
carried out inside a liquid crystal optical element from the incidence section of the first field of a 
liquid crystal optical element It is reflected once or more with the reflector or light reflex means 
of a prism object, respectively. By the time it finally carries out incidence to the second light 
guide means from the outgoing radiation side of a prism object and reaches [ from the plane of 
incidence of a prism object ] the outgoing radiation side of a prism object, it is 2n about a liquid 
crystal solidification object complex layer. Time (n= 1 or more integers) passage is carried out 
[ whether irregularity is prepared in at least one interface in the interface which the quantity of 
light is controlled by the transmittance of the light of a liquid crystal solidification object complex 
layer in this case, and crosses the optical path inside a liquid crystal optical element, and ] Or 
the spacing d of the liquid crystal solidification object complex layer of a liquid crystal optical 
element, and a light reflex means [ whether it considers as 10 or more times to thickness t of a 
liquid crystal solidification object complex layer, and ] Or the liquid crystal optical equipment (2) 
characterized by making at least one interface in the interface which crosses the optical path 
inside a liquid crystal optical element incline only at the predetermined include angle alpha to the 
medial axis of an optical path is offered. 

[0010] Moreover, in the liquid crystal optical equipment with which irregularity was prepared in 
the interface of above liquid crystal optical equipment (1) or (2), the liquid crystal optical 
equipment (3) characterized by forming irregularity in the interface which a front electrode 
makes is offered. Moreover, in the liquid crystal optical equipment with which irregularity was 
prepared in any one interface of above liquid crystal optical equipment (1) - (3), the liquid crystal 
optical equipment (4) characterized by forming irregularity in the interface which a flesh-side 
electrode makes is offered. 

[0011] Moreover, in the liquid crystal optical equipment with which irregularity was prepared in 
any one interface of above liquid crystal optical equipment (1) - (3), the liquid crystal optical 
equipment (5) characterized by coming to use a light reflex means also [ electrode / almost 
flat / of a liquid crystal optical element / flesh-side ] is offered. Moreover, in any one liquid 
crystal optical equipment of above liquid crystal optical equipment (1) - (5), the liquid crystal 
optical equipment (6) characterized by forming a heat regulator in a flesh-side substrate side 
further is offered. Furthermore, the lighting system equipped with any one liquid crystal optical 
equipment of above liquid crystal optical equipment (1) - (6) is offered. 

[0012] In the liquid crystal optical equipment of this invention, detailed irregularity is formed in 
the transparent electrode side of a liquid crystal optical element as an unnecessary normal 
reflected light reduction means, or spacing d of the liquid crystal solidification object complex 
layer of a liquid crystal optical element and a light reflex means is made into 10 or more times to 
thickness t of a liquid crystal solidification object complex layer. Whenever [ tilt-angle ] is 
prepared for the liquid crystal solidification object complex layer of a liquid crystal optical 
element to the reflector of a light reflex means. The component which carries out incidence to 
the second light guide means among the normal reflection produced with these unnecessary 
reflective reduction means in the interface of a liquid crystal solidification object complex layer 
and substrate glass with a transparent electrode etc. is reduced. 

[0013] Moreover, one-structure is adopted and a compact and the liquid crystal optical 
equipment which was optically [ firmly and ] excellent mechanically are offered so that the 
normal reflected light by the interface between a prism object and a liquid crystal optical element 
may be controlled positively. 
[0014] 

[Function] In order that according to this invention light may pass only through the inside of a 
solid-state medium and may pass a liquid crystal solidification object complex layer twice [ at 
least ] or more, the effectual scattering power of a transparency dispersion mold optical element 
improves. And when the liquid crystal optical element of a transparency dispersion mold is 
installed between the light source and an optical fiber with a reflective mold configuration, 
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degradation of the extinction ratio and dynamic range resulting from interface reflection of each 
optical element which poses a problem is improved. Consequently, a high extinction ratio is 
obtained compared with the optical equipment using the transparency dispersion mold liquid 
crystal optical element and optical fiber of the conventional transparency mold component 
configuration and a reflective mold component configuration. 

[0015] Moreover, while the electro-optics property of a liquid crystal optical element is 
stabilized, it can be made to always operate at the temperature from which the optimal electro- 
optics property is acquired by carrying out temperature control of the liquid crystal optical 
element compulsorily from a flesh-side substrate side. 
[0016] 
[Example] 

(Example 1) An example explains concretely hereafter. The example 1 of this invention is shown 
in drawing 1 , and it explains with reference to this. The light guide of the light by which outgoing 
radiation was carried out from the light source installed outside as the light source is carried out 
from the optical fiber 51 for an input, and the liquid crystal optical equipment of an example 1 is 
introduced inside the liquid crystal optical element 30 from 1st prism object 2A of an input side 
through the input interface 55. 2nd prism object 2B, the output interface 56, and the optical fiber 
52 for an output are mostly formed in the symmetry with the input side also at the output side. 
[0017] What bundled the fiber of the numerical aperture (N.A.) 0.57 which uses multicomponent 
glass as a core as optical fibers 51 and 52 of the input side and output side which are used as a 
light guide means, and was used as the bundle fiber with a diameter of 5mm was used. 
[0018] Parallel Guanghua of the light by which outgoing radiation was carried out from the bundle 
fiber 51 is carried out to the input interface 55 and the output interface 56 with a convex lens 55 
using a convex lens, and parallel light is condensed on the outgoing radiation side bundle fiber 52 
with the convex lens 56. Although the input interface 55, the output interface 56, the light guide 
means 51 and 52, prism object 2A, 2B, and the structure where 3 and 4 were joined are 
describing in drawing 1 -4, the light guide may be carried out through space as mentioned above. 

[0019] In order to reduce firmer immobilization and interface reflected light loss, the structure 
which joined the input interface and the output interface to the light guide means and the prism 
object, respectively, using a refractive-index distribution pattern (gray TEDDO index) rod lens as 
an input interface and an output interface as shown in drawing 1 -4 is desirable. As for prism 
object 2A, 2B, and the liquid crystal optical element 30, it is desirable that a refractive index is a 
comparable optical material, and each is joined in optical adhesives with a comparable refractive 
index, or coupling oil. 

[0020] When carrying out the light guide of the inside of a liquid crystal optical element using the 
total reflection in the front face of the front substrate 31 of the liquid crystal optical element 30, 
while a configuration is easy, about 100% of high reflection factor is obtained. However, critical 
angle thetac the incident angle within a front substrate (refractive index n) is described to be by 
the following (1) formula in order for total reflection to happen [t must be more than (degree). 
sin(thetac) =1/n (1) 

[0021] Therefore, the include angle of prism object 2A, and the inclined plane of 2B and the front 
substrate of the liquid crystal optical element 30 to make must be carried out above (90 degree- 
thetac). When forming the reflective film in the front face of the front substrate 31 of the liquid 
crystal optical element 30, since there is no constraint like (1) type, its tolerance of formation of 
prism object 2A and 2B is on the other hand, wide. 

[0022] The liquid crystal optical element 30 consists of the front substrate 31, transparent front 
electrode 30A, liquid crystal resin complex layer 30B, flesh-side electrode 30C that reflects light 
by non-transparence and makes a reflective means serve a double purpose, and a flesh-side 
substrate 32. The heat regulator is formed in the flesh-side substrate 32 side. Furthermore, it 
consists of a drive circuit which drives a liquid crystal optical element ********** which carries 
out drive control of the heat regulator. 

[0023] The case in this example, by repeating reflection between flesh-side electrode 30C 
combining and [ front / 31 ] and a reflective means, using the interface of the glass and air of 
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the front substrate 31 of a liquid crystal optical element as a total reflection side, and passing a 
liquid crystal solidification object complex layer 4 times or more, scattering power can be 
improved further and an extinction ratio can be improved. 

[0024] It is made for the total reflection in which the reflection by the interface of the vitreous 
front substrate 31 and air becomes settled with the refractive index of glass to happen like 
drawing 1 at this time. Or mirrors, such as metal mirrors, such as aluminum and silver, and a 
multilayer dielectric film, may be formed. As a normal reflective reduction means, the field of the 
front substrate 31 in which front electrode 30A is formed is made into the frosting side in which 
detailed irregularity was formed. 

[0025] Next, it outlines about the configuration of the liquid crystal solidification object complex 
used by this invention. In the liquid crystal optical element in this invention, the liquid crystal 
display component which pinched the liquid crystal solidification object complex with which 
distributed maintenance of the nematic liquid crystal was carried out into the solidification object 
matrix is used. It is desirable to use the liquid crystal solidification object resin complex it was 
made mostly in agreement [ complex ] with the Tsunemitsu refractive index (no) of the liquid 
crystal which distributed maintenance of the nematic liquid crystal which has a forward dielectric 
anisotropy especially is carried out into a solidification object matrix, and the refractive index of 
the solidification object matrix uses. And liquid crystal solidification object complex is pinched 
between substrates with the electrode of a pair. 

[0026] no of a nematic liquid crystal When the refractive-index anisotropy which is a difference 
with an extraordinary index (ne) is set to **n, as for **n, it is desirable that it is 0.18 or more. 
Moreover, in order to obtain scattering power with a high liquid crystal solidification object 
complex layer to the specific wavelength lambda (micrometer), it is desirable that the mean 
particle diameter R of liquid crystal (micrometer) has gathered according to the wavelength. In 
fact, it is desirable to fill the relation of ** n-R**lambda. 

[0027] Therefore, when modulating the light of the wavelength band (lambda=0.4-0.7 
(micrometer)) of the light using the bundle fiber for optical energy transmissions, in order for the 
scattering power in a liquid crystal solidification object complex layer to become homogeneity 
mostly in a full wave length region, it is desirable to be distributed over the range in which the 
mean particle diameter R of liquid crystal fills the relation of 0.4<**n-R<0.7. 

[0028] When, using the light of the semiconductor laser diode of a non-light region, or the single 
wavelength of the near-infrared wavelength region (lambda=0.8-1.6 (micrometer)) of LED as a 
light on the other hand using the single track fiber for optical communication, or when using for 
optical measurement the light of the single wavelength of the helium-Ne laser which is the laser 
of a light oscillation, or semiconductor laser, the mean particle diameter R of liquid crystal has 
the desirable structure with little particle size distribution where ** n-R**lambda is filled. 
[0029] As for the substrate with this electrode, that by which the electrode was prepared on 
substrates, such as glass, plastics, and a ceramic, is used. A transparent ingredient is used for 
the substrate by the side of plane of incidence at least in this invention. Glass is suitable for 
forming few still flatter and optical distorted substrate sides. 

[0030] Between the substrates of a pair with an electrode, liquid crystal solidification object 
complex is pinched, respectively. Electric field occur by impression of an electrical potential 
difference, this liquid crystal solidification object complex changes the orientation of a liquid 
crystal molecule according to that electric field, and the refractive index of the liquid crystal in 
liquid crystal solidification object complex changes. When the refractive index of the solidification 
object matrix is mostly in agreement with the refractive index of liquid crystal, light penetrates, 
and light is scattered about when not in agreement. Since the liquid crystal optical element using 
this liquid crystal solidification object complex does not use the polarizing plate, an optical 
modulator with little optical loss is obtained. 

[0031] The liquid crystal solidification object complex which specifically consists of a 
solidification object matrix by which a large number formation of the hole fine as a liquid crystal 
display component was carried out, and a nematic liquid crystal with which the part of the hole 
was filled up is used. This liquid crystal solidification object complex is pinched between 
electrode substrates. The refractive index of the liquid crystal changes and the relation between 
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the refractive index of a solidification object matrix and the refractive index of liquid crystal 
changes with the impression conditions of an electrical potential difference inter^electrode 
[ the ]. When these both refractive index is mostly in agreement, it will be in a transparency 
condition, and when refractive indexes differ, a liquid crystal optical element which will be in a 
dispersion condition can be used. 

[0032] The liquid crystal solidification object complex which consists of a solidification object 
matrix by which a large number formation of this fine hole was carried out, and liquid crystal with 
which the part of that hole was filled up is the structure by which liquid crystal was confined in a 
liquid bubble like a microcapsule. However, each microcapsule does not need to be independent 
completely and the liquid bubble of each liquid crystal may be open for free passage through a 
slit like a porous body. Furthermore, the degree of a free passage may be high and in the 
condition which liquid crystal is opening for free passage in the shape of a stitch is sufficient. 
[0033] The liquid crystal solidification object complex used for this invention is the following, and 
is made and manufactured. A nematic liquid crystal and the hardenability compound which 
constitutes a solidification object matrix are mixed, and it is made the shape of the shape of a 
solution, and a latex. Subsequently, what is necessary is for photo-curing, heat curing, hardening 
by solvent removal, reaction hardening, etc. to carry out this, to separate a solidification object 
matrix, and just to take the condition that the nematic liquid crystal distributed in the 
solidification object matrix. 

[0034] Since the hardenability compound to be used can be hardened within a sealing system by 
making it photo-curing or a heat-curing type, it is desirable. When a photo-curing type 
hardenability compound is used especially, it cannot be influenced by heat, can be made to 
harden for a short time, and is desirable. After forming a eel using a sealant like the conventional 
usual nematic liquid crystal as a concrete process, pouring in non-hardened mixture 
[ compound / a nematic liquid crystal and / hardenability ] from an inlet and closing an inlet, it 
can heat whether an optical exposure is carried out and can also be made to harden. 
[0035] Moreover, in the case of the liquid crystal optical element in this invention, non-hardened 
mixture [ compound / a nematic liquid crystal and / hardenability ] can be supplied on the 
substrate which prepared the transparent electrode as an electrode, not using a sealant, and 
another substrate with an electrode can also be stiffened by optical exposure etc. in piles after 
that. Of course, after that, a sealant may be applied on the outskirts and the seal of the 
circumference may be carried out. According to this process, in order for what is necessary to 
be just to only supply a roll coat, a spin coat, printing, spreading according non-hardened mixture 
[ compound / a nematic liquid crystal and / hardenability ] to a dispenser, etc., an impregnation 
process is simple and productivity is very good. 

[0036] Moreover, into non-hardened mixture [ compounds / these / nematic liquid crystals and 
hardenability compounds ], spacers, such as a ceramic particle for substrate gap control, a 
plastics particle, and a glass fiber, a pigment, coloring matter, a viscosity controlling agent, and 
the other additives that do not have a bad influence on the engine performance of this invention 
may be added. 

[0037] As mentioned above, although the manufacture approach by the photopolymerization 
method was shown, microencapsulation liquid crystal can also be formed also by the emulsion 
method. 

[0038] Below, the other requirements for a configuration are explained. As front electrode 30A of 
the liquid crystal optical element 30, transparent electrodes, such as [TO, are formed on the 
vitreous front substrate 31 in which frosting processing was carried out by etching and polish 
with acid liquid. The irregularity formed of frosting processing should just be a configuration 
which reduces that normal reflection in the field finally reaches the light guide means 52 by the 
side of outgoing radiation. 

[0039] Therefore, the irregularity of the shape of a rectangle in which many fields parallel to 
reflector 30C exist is unsuitable, and its irregularity of the shape of ** which is the aggregate of 
the slant face which has a tilt angle is desirable. Although this tilt angle is related to the incident 
angle to the effective diameter of the light guide means 51 and 52, the input interface 55, the 
output interface 56, and a liquid crystal solidification object complex layer, the count of 
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reflection, etc., generally as unnecessary interface reflection as the irregularity of the shape of 
sharp ** is removed, so that a tilt angle is perpendicularly near. 

[0040] However, since surface area increases so that an acute angle, the rate of interface 
reflection increases and the transmitted light which can be used decreases. Therefore, the 
irregularity of the shape of ** with many inclination components which do not cause the 
remarkable decline in permeability but can reduce unnecessary interface reflection is desirable. 
Moreover, as a display device in this liquid crystal optical equipment, since the homogeneity of 
the property within a field is not required, the constraint about concavo-convex magnitude 
(pitch) is not so severe, but in the property of the amount of transmitted lights over applied 
voltage, when a sharper standup is needed like [ in the case of an on-off control action ], 
concavo-convex magnitude (pitch) is so desirable that it is small. 

[0041] It is more desirable to make it into a big value, concavo-convex pitch, i.e., depth, and for 
the thickness of a liquid crystal solidification object complex layer to distribute on the other 
hand, since the property of the amount of transmitted lights over gently-sloping applied voltage 
is required for application of the dimmer which wants to control the middle quantity of light 
finely, in order to reduce further the interface reflectivity produced between the transparent 
electrodes and liquid crystal solidification object complex layers which were formed on the 
concave convex — a transparent electrode layer top — Si02 MgF2 etc. — it is desirable to 
form a low refractive-index layer as an antireflection film. Moreover, the vitreous flesh-side 
substrate 32 which formed the aluminum film to serve also as an electrode as reflector 30C was 
used. It is good also as structure which carried out the laminating of the transparent electrode 
on the derivative multilayers mirror in addition to the metal membrane. 

[0042] When using the total reflection produced in the interface of the reflector of the front 
substrate 31, and air, since a surface foreign matter and dirt become the cause of degrading 
total reflection effectiveness, it is desirable to form in a front face the film with a small 
refractive index, for example, the polymer which has a fluorine-containing aliphatic series ring 
structure, (trademark: SAITOPPU) as a protective coat from a front substrate ingredient 
[0043] Furthermore, when a liquid crystal solidification object complex layer is in a transparence 
condition, the reflector field where total reflection of the light is carried out with the front 
substrate 31 is only a part as shown in drawing 1 , but when a liquid crystal solidification object 
complex layer is in a dispersion condition, incidence of the scattered light is carried out to the 
larger range of an interface with the air of the front substrate 31. In order to remove such the 
unnecessary scattered light efficiently, it is effective to form light absorption objects, such as a 
black coating, in addition to the total reflection field needed. 

[0044] Moreover, the heat sink by which the temperature sensor and the electrical heater were 
built in the background of the reflector of a liquid crystal optical element was pasted up. 
Furthermore, the fan for air cooling was attached behind this heat sink, and it could be made to 
carry out by the electrical heater and the fan for air cooling the temperature control, acting as 
the monitor of the temperature so that a liquid crystal optical element may be maintained by 
laying temperature. 

[0045] The light guide of the sources of the light, such as a halogen lamp, Xe lamp, and a metal 
halide lamp, was carried out to the incidence side optical fiber 51, and it considered as incident 
light Alternating voltage was impressed to inter-electrode [ of the aforementioned liquid crystal 
optical element 30 ] for the 100Hz square wave, and it considered as the dimmer by modulating 
an effective voltage value by the external circuit, and changing the transparency dispersion 
condition of a liquid crystal optical element. The optical property was measured using the liquid 
crystal optical equipment using the liquid crystal optical display device of the optical fiber of this 
invention produced with such a configuration, and a transparency dispersion mold. The result 
was summarized in Table 1. 

[0046] In Table 1, relative light transmittance makes the example of a comparison 100%. 
moreover, measurement — constant temperature — carried out within a degree tub, 
temperature means not the temperature of a liquid crystal display component but the ambient 
temperature of optical equipment and a measurement extinction ratio shows the range of the 
light value ratio of the outgoing radiation side fiber 52 to the applied-voltage values 0V and 30V 
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of the liquid crystal optical element in a 0 to 50 degrees C temperature requirement. Same 
optical property evaluation was performed about the thing of a configuration of having made the 
table electrode 30A page into the flat side among the liquid crystal optical elements of a 
configuration of having been shown in the example 1 as an example of a comparison, and the 
result was indicated. 
[0047] 
[Table 1] 











(m s e c ) 




7D7, Nffi&O 
bWfcV 


9 8% 
100% 


2 5 0~2 8 0 
3~ 15 


1 5 

1 5~2 0 0 



[0048] This result shows that the improvement in fast of an extinction ratio and stability are 
attained by the configuration of this invention while optical loss has been almost small. 
Therefore, adjustment of the outgoing radiation quantity of light corresponding to an applied- 
voltage value can carry out to a high speed arbitrarily [ there is little quantity of light loss and ] 
by using this optical equipment as a dimmer. 

[0049] Moreover, the optical outgoing radiation edge of an outgoing radiation side optical fiber is 
turned to an illuminated object, and this liquid crystal optical equipment installs it, and when 
carrying out optical high measurement of a S/N ratio by the lock-in amplifier, it can use the 
electrical signal of photodetectors, such as the photomultiplier tube and Si photodiode, as a 
required fiber type light chopper. Compared with a conventional pivoted window type chopper or 
a conventional oscillatory type chopper, small and high-speed optical chopping becomes 
possible. 

[0050] Metallic reflection mirrors, such as aluminum, are sufficient as reflector 30C, and an 
optical interference multilayers reflecting mirror is sufficient as it In the case of the former, in 
order that a reflector may serve also as an electrode, manufacture is easy, and a component can 
be constituted without complicating structure. In the case of the latter, it is also possible to form 
the cold mirror which has the spectral characteristic which penetrates a heat ray and reflects 
only the light by the configuration of multilayers, and it has the degree of freedom which can also 
form the mirror of 100% of reflection factors to the specific semiconductor laser wavelength 
used by optical communication. 

[0051] (Example 2) It explains using drawing 2 . In this example, unlike the configuration of an 
example 1, each of front electrode 30A and flesh-side electrode 30C is transparent electrodes, 
and it is a flat side mostly [ both ]. Moreover, by opening enough the distance d of liquid crystal 
solidification object complex layer 30B and the reflector of a reflective means The optical path 
of the normal reflected light which produces the optical path of the normal reflected light 
produced in an interface with the field of liquid crystal solidification object complex layer 30B of 
thickness t, transparent front electrode 30A, and flesh-side electrode 30B in the field of a liquid 
crystal optical element is shifted to the field inboard of a liquid crystal optical element. The 
unnecessary interface reflected light can be prevented from reaching the light guide means 52 by 
the side of outgoing radiation. 

[0052] This shift-amount delta is described to be delta=2d-tantheta by the distance d of the 
incident angle theta of the incident light to liquid crystal solidification object complex layer 30B, 
and the reflector of a reflective means. In order not to make the unnecessary interface reflected 
light reach the outgoing radiation side light guide means 52, shift-amount delta should just be 
more than the exposure width of face L of the incident light to liquid crystal solidification object 
complex layer 30B. Thus, if shift-amount delta required to remove the unnecessary interface 
reflected light becomes settled, spacing d can be found according to it. Since a liquid crystal 
optical element will be enlarged if thickness d more than fixed is needed when the function as a 
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substrate of one side holding a liquid crystal solidification object complex layer is also taken into 
consideration, and d is made into a big value on the other hand, about d= 0.5-30mm is desirable 
in fact. 

[0053] Moreover, in this example, the refractive-index distribution pattern (gray TEDDO index) 
rod lens was used as the input interface 55 and an output interface 56, using quartz system 
single-mode optical fiber with a core diameter [ for optical-communication information 
transmissions ] of 10 micrometers as light guide means 51 and 52. Optical fiber guided wave light 
used the semiconductor laser light of the wavelength of 1.3 micrometers, and 1.5-micrometer 
near-infrared region. Prism object 2A and 2B are joined to the front substrate 31 of the input 
interface 55, the output interface 56, and the liquid crystal optical element 30 with optical 
adhesives, as respectively shown in drawing 2 . 

[0054] Moreover, the dielectric multilayer reflecting mirror which reflects the light of the 
wavelength band of guided wave light only in the reflector part of the front face of the front 
substrate 31 of the liquid crystal optical element 30 99% or more is formed, and the light 
absorption object is applied to the front face of other front substrates 31. In order to perform 
reflection in the front face of the front substrate 31 not by total reflection but by the dielectric 
multilayer reflecting mirror, it is not necessary to fill with this example the total reflection 
conditions described by (1) formula. 

[0055] Therefore, in order to prevent carrying out total reflection of the guided wave light with 
unnecessary scattered light in liquid crystal solidification object complex layer 30B, wavelength 
light other than guided wave light, etc. on the front face of the front substrate 31, and a part 
guiding waves (1) Critical angle thetac which becomes settled by the formula It determined that 
the tilt angle of prism object 2A and 2B carried out incidence to liquid crystal solidification 
object complex layer 30B by the small incident angle, and the rate that an unnecessary light 
guides the liquid crystal optical element 30 interior was reduced. 

[0056] In this example, it considered as the thickness of about 20 micrometers of liquid crystal 
solidification object complex layer 30B, and boro-silicated glass of about 1mm of board thickness 
was used for the front substrate 31 and the flesh-side substrate 32. Consequently, the high 
extinction ratio of 106 more than and the speed of response of 2 or less msecs were stabilized, 
and were obtained. 

[0057] (Example 3) It explains using drawing 3 . Unlike the configuration of an example 1, in this 
example, both the field of front electrode 30A and the field of flesh-side electrode 30C are 
almost flat. Light is reflected by the light reflex means 90 of the dedication prepared in the rear- 
face side of the flesh-side substrate 32. Moreover, unnecessary interface reflection of the liquid 
crystal optical element 30 interior is removable by not supposing that transparent front 
electrode 30A and flesh-side electrode 30C which touch liquid crystal solidification object 
complex layer 30B are parallel to the light reflex means 90, but attaching whenever [ suitable 
tilt-angle ]. 

[0058] Since the flat profile irregularity of a substrate is not required so much in the case of this 
invention which is made to transmit due to about 1 to 1, without converging light, it is 
satisfactory even if it uses a long film formation technique using a cheap film-like substrate with 
sheet metal like a PET film. 

[0059] In this example, it is arranged so that the unnecessary normal reflected light of the 
interface in the liquid crystal solidification object complex layer 30B may carry out incidence to 
the outgoing radiation side optical fiber 52, and may not cause degradation of an extinction ratio, 
and front electrode 30A, liquid crystal solidification object complex layer 30B, the field side of 
flesh-side electrode 30C, and the reflector 90 of a light reflex means may incline. 
[0060] The tilt angle alpha will not carry out incidence of the unnecessary reflected light 
produced in the interface of a liquid crystal solidification object complex layer to the light guide 
means 52, if it is set as the liquid crystal solidification object complex layer which becomes 
settled with the effective diameter of the light guide means 51 and 52, and the focal distance of 
close and the output interfaces 55 and 56 to the distributed angle theta of the parallel light 
which carries out incidence more than theta. 

[0061] Since N.A. is also small, the range of alpha of 0.1 degrees - 10 degrees is [ whenever / 
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tilt-angle ] desirable [ a core diameter is as thin as 200 micrometers or less, and ] in the case of 
the single track fiber for optical communication. Since it uses as a bundle fiber etc. in the case 
of the fiber for optical energy transmissions, and the diameter of a fiber of the optical 
transmission section is as thick as about 2-20mm, the range of alpha of 1 degree - 20 degrees is 
[ whenever / tilt-angle ] on the other hand, desirable. 

[0062] Furthermore, although the interface reflected light is removed also when it considers as 
whenever [ big tilt-angle / alpha ], the light which carries out incidence from across becomes 
most at a liquid crystal solidification object complex layer, and effectual permeability falls that it 
is easy to produce Hayes accompanying index mismatching at the time of transparence. 
Moreover, since a liquid crystal optical element will become thick and the magnitude and weight 
of the whole equipment will increase if alpha becomes large whenever [ tilt-angle ], limiting to 
the above-mentioned range is [ whenever / tilt-angle ] desirable [ alpha ]. 

[0063] Since the bundle fiber with a same effective diameter [ as an example 1 ] of 5mm and the 
convex lens with a focal distance of 30mm were used, the distributed angle theta of the parallel 
light which carries out incidence to a liquid crystal solidification object complex layer became 
about 10.6 degrees, and made 12 degrees of liquid crystal solidification object complex layers 
incline to the reflector of a light reflex means in this example. 

[0064] In this example, in order to perform a temperature control to accuracy more and to 
secure the repeatability of an optical property also to large environmental temperature, the 
reflecting mirror was used as the cold mirror and the heat sink where the Peltier device and 
temperature sensor of electronics control were embedded as a heat regulator 60 was used. 
[0065] When the configuration of drawing 3 estimated the optical property, while the extinction 
ratio 320 was always obtained from -20 degrees C in the large environmental temperature of 80 
degrees C, the result of having been stabilized by the applied-voltage pair optical output 
property to the temperature change was obtained. Moreover, compared with the thing of 
aluminum nature, since the reflection factor was high about 10%, as for relative light 
transmittance, the direction of cold mirror nature became a high value compared with the 
example 1 of a comparison. 

[0066] Furthermore, in the liquid crystal optical equipment of the configuration of an example 
explained above, it has composition which may be able to carry out forcible temperature control 
of the liquid crystal optical element 30 from a reflector side (background of the flesh-side 
substrate 32). As a compulsive temperature control method, it equips with a heat sink and cools 
with an air cooling fan. Or it can equip with a Peltier device, an electrical heater, and a 
temperature sensor, and temperature control can also be depended and carried out to heating 
and cooling so that it may be maintained by fixed temperature. 

[0067] (Example 4) The example 4 of this invention is explained using drawing 4 . In this example, 
it consists of a liquid crystal optical element 30 of the incidence side optical fiber 51 and the 
outgoing radiation side optical fiber 52, the prism object 3 equipped with the total reflection side 
of a V type, and the reflective mold that functions as the light modulation section, and a heat 
regulator 60 using the single track optical fiber for optical communication, and consists of an 
electronic circuitry which carries out drive control of the drive circuit and heat regulator 60 
which drive a liquid crystal optical element further. 

[0068] Moreover, it consisted of the 1st interface 55 or 2nd interface 56 etc. which serves as 
the liquid crystal optical element 30 and the prism object 3 from a rod lens, and each optical 
element is pasted up on one with optical adhesives. 

[0069] Frosting processing of the glass side of a substrate 31 in which transparent front 
electrode 30A (UO etc.) by the side of the optical plane of incidence of the liquid crystal optical 
element 30 or an outgoing radiation side is formed is carried out. On the flesh-side substrate 32 
with which the optical interference multilayers mirror which reflects the luminescence 
wavelength of specific LD (laser diode) or LED which is incident light as a reflector was formed, 
the transparent electrode was formed and the opposite substrate was formed. As an optical fiber 
by the side of the incidence of a liquid crystal optical element, and outgoing radiation, it is the 
quartz system fiber of FC connector connection mold, and the step mold refractive-index 
distribution optical fiber for multi-mode transmission with a core diameter of 50 micrometers 
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was used. 

[0070] As an input interface and an output interface, the rod lens (NSG: SELFOC lens) of 
diameter =1.8mm, pitch =1/4, and the gray TEDDO index mold for wavelength 830nmLD of lens 
length =4.73mm was used for each. 

[0071] After reflecting an almost parallel light by which outgoing radiation was carried out from 
the input interface 55 (rod lens) by one prism total reflection side 3a, using BK7 of optical glass 
as a prism object, incidence is carried out to the liquid crystal optical element 30 of a reflective 
mold by about 18-degree incident angle. After reflecting the normal reflected light reflected with 
the reflective means (flesh-side electrode 30C is made to serve a double purpose) by another 
prism total reflection side 3b, the light guide is carried out with an output interface. It is further 
condensed by the end face of the optical fiber 52 by the side of outgoing radiation, and this light 
turns into outgoing radiation light. 

[0072] In this example, the always stabilized optical property was obtained in large environmental 
temperature like the example 2 using the heat sink where the Peltier device and temperature 
sensor of electronics control were embedded as a heat regulator 60. The result of having 
measured the optical property was summarized in Table 2 using the optical fiber of this invention 
and the **** liquid crystal optical equipment for transparency dispersion mold display devices 
which were produced with such a configuration. In Table 2, relative light transmittance makes the 
example of a comparison 1 00%. 

[0073] moreover, measurement — constant temperature — carried out within the degree tub, 
temperature meant not the temperature of a liquid crystal display component but the ambient 
temperature of optical equipment, and evaluated the measurement extinction ratio and the speed 
of response to the applied-voltage values 0V and 100V of a liquid crystal optical element in the 
-20 to 60 degrees C temperature requirement 

[0074] As an example of a comparison, the flat side of the [TO electrode surface by the side of 
the optical incidence of the liquid crystal optical element which is a configuration conventionally 
was carried out, and the same optical property evaluation result was indicated also about the 
thing of a configuration of not carrying a heat regulator 60. 
[0075] 
[Table 2] 
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[0076] From this result, the configuration of this invention shows that the improvement in fast of 
an extinction ratio and stability are attained, while there has almost been no optical loss. 
Therefore, by using this optical equipment as a good light variation attenuator for optical 
communication, there is little quantity of light loss and adjustment of the outgoing radiation 
quantity of light corresponding to an applied-voltage value can carry out to a high speed 
arbitrarily. 

[0077] Other configurations may be used although the configuration using the prism object 3 
which has the total reflection side of a V type described in this example. For example, an optical 
path may be bent according to the spherical surface or the aspheric surface. Moreover, an 
extinction ratio is also further improvable by considering as the configuration which changed the 
ratio of the configuration of the total reflection side of the prism object 3, and the core diameter 
of an optical fiber. 

[0078] (Example 5) An example 5 is explained using drawing 5 . In this example, by carrying out 
incidence of the optical fiber for an input, and the almost parallel light by which outgoing 
radiation was carried out to the prism object 4 from the interface 55 (rod lens) for an input with 
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the prism object 4 of a trapezoid configuration by the suitable incident angle for the liquid crystal 
optical element 30 of a reflective mold, total reflection is carried out by flesh-side electrode 
30C, and total reflection is again carried out by top total reflection side 4a of the prism object 4. 
And if the prism object 4 is arranged in a suitable location, reflection will be rewound two or 
more times in respect of the reflector of a liquid crystal optical element, and total reflection, and 
light will be outputted to the interface 56 for an output by the side of outgoing radiation the back 
the bottom. 

[0079] With such a configuration, an extinction ratio can be further raised compared with the 
configuration in the conventional example which passes light only twice by passing a liquid 
crystal solidification object complex layer 4 times or more. Although drawing 5 is describing the 
case where a liquid crystal solidification object complex layer is passed 4 times, the count of 
passage is changeable into arbitration by the multiple of 2 by changing suitably the die length 
(the die length of the longitudinal direction of top-face 4a) and the incident angle of the prism 
object 4. 

[0080] The same configuration as an example 1 is sufficient as the liquid crystal optical element 
30 of a reflective mold, and it may not form a reflector in contact with liquid crystal solidification 
object complex layer 30B like an example 2 or an example 3, but may establish the light reflex 
means by the external reflector. In this case, what is necessary is for what both sides of a front 
electrode and a flesh-side electrode are made into a frosting side, you prepare spacing with the 
reflector of a light reflex means in a liquid crystal solidification object complex layer like an 
example 2 as a normal reflective reduction means, or is made for the reflector of a light reflex 
means and liquid crystal solidification object complex layer 30B to incline suitably like an 
example 3 (refer to drawing 3 )just to remove interface reflection with liquid crystal solidification 
object complex layer 30B and an electrode surface. 

[0081] About 2-200 micrometers is desirable, and concavo-convex magnitude (pitch) is 
concavo-convex depth (ten-point average depth) RZ. About 0.1-10 micrometers is desirable. 
Moreover, when light carries out incidence from across to a liquid crystal solidification object 
complex layer in this way, it is desirable that index matching with the liquid crystal at the time of 
transparence makes it whenever [ optical incident angle ] most at the optimal (as [ decrease / 
namely, / Hayes ]) combination. 

[0082] As mentioned above, although the example was explained, an approximate account is 
performed about the magnitude of each part etc. next. In transmitting light energy, a halogen 
lamp, a metal halide lamp, Xe lamp, etc. are used as the light source, and in order for all to 
condense efficiently using a condensing means and for luminescence length to do a light guide to 
a fiber about 2-1 0mm for a certain reason, the fiber diameter of about 3-1 0mm is needed. 
[0083] Moreover, the magnitude of the light source has the width of face of 10-30cm (500W- 
3kW) extent from die length of 3-1 0cm (10W - 500W class), and the magnitude of a converging 
mirror will also be doubled according to the classification of the light source. And although the 
magnitude of a liquid crystal optical element is decided according to N.A. of the magnitude, for 
example, the focal distance and effective diameter, and the fibers of the condensing means to be 
used (an ellipse mirror, lens, etc.) etc., when using the above-mentioned light source, it is about 
considered about 1-30cm of vertical angles. 

[0084] In using for the purposes, such as a communication link and optical measurement, the 
incidence aperture of light is 1mm or less, and the diameter is set to 1cm or less even if it uses 
a lens, since the emission light of laser die auto or LED is condensed. Since the optical 
transmission section core diameter of the single track fiber for optical communication is 200- 
micrometer or less extent, the magnitude of a liquid crystal optical element is set to about about 
1 -5cm. 
[0085] 

[Effect of the Invention] In order to make the light modulation part of a liquid crystal optical 
element carry out multiple-times passage of the light by which outgoing radiation was carried out 
from the light source with the liquid crystal optical element which can control a dispersion 
condition and a transparency condition electrically, and the light reflex means according to this 
invention like the above, compared with the case where it penetrates only once, effectual 
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scattering power improves by leaps and bounds. 

[0086] Moreover, form irregularity in the interface of a liquid crystal solidification object complex 
layer and a transparent electrode as a normal reflected light reduction means. Or or it makes 
spacing d of the liquid crystal solidification object complex layer of a liquid crystal optical 
element, and a light reflex means into 10 or more times to thickness t of a liquid crystal 
solidification object complex layer, do not make parallel a liquid crystal solidification object 
complex layer and a reflector, but attach an inclination. Furthermore, the interface reflected light 
which is the main factor of background noise is reduced by applying the charge of black-colored 
to the interface reflector part which carries out incidence to a direct optical fiber without 
passing a liquid crystal solidification object complex layer in a component interface with air. 
[0087] Consequently, improvement in the extinction ratio in the good modulation light function 
according to applied voltage and its dynamic range was attained. Moreover, since a 
thermoregulator was constitutionally installed in one side of a liquid crystal optical element, 
compulsory temperature control can maintain now at the temperature by which the optimal 
characteristics of a liquid crystal optical element are always discovered regardless of perimeter 
environmental temperature, and the stable modulated light and the stable optical shutter ring 
were realized. 

[0088] As a concrete example, there is stroboscope lighting as the light source for lighting which 
has a high-speed shutter function. That is, high-speed photography is attained. For example, if 
the body which moves at the rate of 360 km/s is irradiated when shutter speed is 1ms, a 1cm 
moving-average image will be recorded. 

[0089] Moreover, if shutter ring lighting is carried out continuously and a high-speed migration 
body is photoed, a locus will be recorded in the shape of a step. Adjustable [ of the shutter 
timing ] can be carried out to arbitration, it uses as the light source for measurement turned on 
and off a fixed period as an example using the programmable special feature that high-speed 
flattery nature is, and high measurement of a S/N ratio is attained also in an environment with 
much a feeble signal light or noise light by amplifying and detecting only the signal light of the 
period. 

[0090] Moreover, without light passing through the inside of air in this invention, since only the 
solid-state medium by which it was altogether cheated out of the refractive index optically 
closely is passed, loss becomes small. 

[0091] Consequently, this optical equipment can be used now for optical measurement as a 
lighting system with a modulated light function, or a lighting system with an optical shutter ring 
function. The S/N ratio has been improved by taking photodetection equipment and a 
synchronization like the light chopper for lock in amplifier, and performing a shutter ring 
especially. Moreover, also in the optical-communication field, the optical attenuator of a fixed 
attenuation factor used conventionally can obtain now the strange optical attenuator which can 
be decreased by applied-voltage adjustment. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

TECHNICAL FIELD 

[Industrial Application] This invention relates to the liquid crystal optical equipment using the 
liquid crystal optical element of the transparency dispersion mold equipped with an optical fiber 
and liquid crystal solidification object complex, and the lighting system using it 
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PRIOR ART 



[Description of the Prior Art] A liquid crystal optical element is arranged between the light 
source and the optical fiber for optical transmissions from the former, and the liquid crystal 
optical equipment which controls the quantity of light transmitted to an optical fiber from the 
light source by the liquid crystal optical element is known. Furthermore, the lighting system and 
luminous-intensity-distribution equipment using the optical fiber bundle, the light source, and the 
liquid crystal optical element which bundled the optical fiber for optical energy transmissions or 
the optical fiber of single track are proposed. 

[0003] Moreover, an optical fiber is used for the light guide means from the light source to a 
liquid crystal optical element, and the configuration which has arranged the liquid crystal optical 
element between optical fibers is proposed. The basic arrangement is shown in drawing 6 as a 
conventional example. It consists of liquid crystal optical elements 30 which show the mode of 
operation of the transparency dispersion mold equipped with the optical fiber 51 for incidence, 
the optical fiber 52 for outgoing radiation, a convex lens 41, and a reflective mold means and 
liquid crystal solidification object complex. And this configuration can attain the modulation of 
light 

[0004] Moreover, although it is the arrangement configuration which resembled this conventional 
example, the optical variable attenuator which used the low loss thin line optical fiber for optical- 
communication information transmissions for the optical optical incidence [ of a liquid crystal 
optical element ] and outgoing radiation side is proposed. As mentioned above, since reduction of 
optical loss is attained by using the liquid crystal optical element equipped with the liquid crystal 
solidification object complex which has the mode of operation of a transparency dispersion mold, 
and can control light without a polarizing plate, even if it uses a high-reflective-liquid-crystal 
optical element and a lens, it is proposed that optical variable attenuator can be built. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] In order to make the light modulation part of a liquid crystal optical 
element carry out multiple-times passage of the light by which outgoing radiation was carried out 
from the light source with the liquid crystal optical element which can control a dispersion 
condition and a transparency condition electrically, and the light reflex means according to this 
invention like the above, compared with the case where it penetrates only once, effectual 
scattering power improves by leaps and bounds. 

[0086] As an example, a tetramethoxy silane, a tetra-ethoxy silane, tetra-butoxysilane, A tetra- 
phenoxy silane, methyl trimetoxysilane, ethyl trimethoxysilane, Butyltrimethoxysilane, isobutyl 
trimethoxysilane, tert-butyltrimethoxysilane, Isopropyl trimethoxy silane, cyclohexyl tri-metoxy 
silane, Phenyl trimethoxysilane, vinyltrimetoxysilane, dimethyl dimethoxysilane, Diethyl 
dimethoxysilane, dipropyl dimethoxysilane, propylmethyl dimethoxysilane, Diisopropyl 
dimethoxysilane, dibutyl dimethoxysilane, diisobutyl dimethoxysilane, G tert-butyl 
dimethoxysilane, butyl methyl dimethoxysilane, Butyl ethyl dimethoxysilane, tert-butyl methyl 
dimethoxysilane, Isobutyl isopropyl dimethoxysilane, tert-butyl isopropyl dimethoxysilane, Hexyl 
methyl dimethoxysilane, hexyl ethyl dimethoxysilane, Dodecyl methyl dimethoxysilane, 
dicyclopenthyl dimetoxysilane, Cyclopentyl methyl dimethoxysilane, cyclopentyl ethyl 
dimethoxysilane, Cyclopentyl isopropyl dimethoxysilane, cyclopentyl isobutyl dimethoxysilane, 
Cyclopentyl-tert-butyl dimethoxysilane, dicyclohexyl dimetoxysilane, Cyclohexyl 
methyldimetoxysilane, cyclohexyl ethyl dimethoxysilane, Cyclohexyl isopropyl dimethoxysilane, 
cyclohexyl isobutyl dimethoxysilane, Cyclohexyl-tert-butyl dimethoxysilane, cyclohexyl 
cyclopentyl dimethoxysilane, Cyclohexyl phenyl dimethoxysilane, diphenyl dimethoxysilane, 
Phenylmethyl dimethoxysilane, phenyl isopropyl dimethoxysilane, Phenyl isobutyl dimethoxysilane, 
phenyl-tert-butyl dimethoxysilane, Phenyl cyclopentyl dimethoxysilane, vinyl methyl 
dimethoxysilane, Methyl triethoxysilane, ethyltriethoxysilane, epoxybutyltriethoxysilane, Isobutyl 
triethoxysilane, tert-epoxybutyltriethoxysilane, Isopropyl triethoxy silane, cyclohexyl ethoxy 
silane, Phenyl triethoxysilane, vinyltriethoxysilane, dimethyl diethoxysilane, Diethyl diethoxysilane, 
dipropyl diethoxysilane, propylmethyl diethoxysilane, Diisopropyl diethoxysilane, dibutyl 
diethoxysilane, diisobutyl diethoxysilane, G tert-butyl diethoxysilane, butyl methyldiethoxysilane, 
Butyl ethyldiethoxysilane, tert-butyl methyldiethoxysilane, Hexyl methyldiethoxysilane, hexyl 
ethyldiethoxysilane, Dodecyl methyldiethoxysilane, dicyclopenthyl diethoxysilane, As dicyclohexyl 
diethoxysilane, cyclohexyl methyldietoxysilane, cyclohexyl ethyldiethoxysilane, diphenyl 
diethoxysilane, and a normal reflected light reduction means Form irregularity in the interface of 
a liquid crystal solidification object complex layer and a transparent electrode. Or or it makes 
spacing d of the liquid crystal solidification object complex layer of a liquid crystal optical 
element, and a light reflex means into 10 or more times to thickness t of a liquid crystal 
solidification object complex layer, do not make parallel a liquid crystal solidification object 
complex layer and a reflector, but attach an inclination. Furthermore, the thing for which the 
charge of black-colored is applied to the interface reflector part which carries out incidence to a 
direct optical fiber without passing a liquid crystal solidification object complex layer in a 
component interface with air The interface reflected light which is the main factor of background 
noise is reduced. 
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[0087] Consequently, improvement in the extinction ratio in the good modulation light function 
according to applied voltage and its dynamic range was attained. Moreover, since a 
thermoregulator was constitutionally installed in one side of a liquid crystal optical element, 
compulsory temperature control can maintain now at the temperature by which the optimal 
characteristics of a liquid crystal optical element are always discovered regardless of perimeter 
environmental temperature, and the stable modulated light and the stable optical shutter ring 
were realized. 

[0088] As a concrete example, there is stroboscope lighting as the light source for lighting which 
has a high-speed shutter function. That is, high-speed photography is attained. For example, if 
the body which moves at the rate of 360 km/s is irradiated when shutter speed is 1ms, a 1cm 
moving-average image will be recorded. 

[0089] Moreover, if shutter ring lighting is carried out continuously and a high-speed migration 
body is photoed, a locus will be recorded in the shape of a step. Adjustable [ of the shutter 
timing ] can be carried out to arbitration, it uses as the light source for measurement turned on 
and off a fixed period as an example using the programmable special feature that high-speed 
flattery nature is, and high measurement of a S/N ratio is attained also in an environment with 
much a feeble signal light or noise light by amplifying and detecting only the signal light of the 
period. 

[0090] Moreover, without light passing through the inside of air in this invention, since only the 
solid-state medium by which it was altogether cheated out of the refractive index optically 
closely is passed, loss becomes small. 

[0091] Consequently, this optical equipment can be used now for optical measurement as a 
lighting system with a modulated light function, or a lighting system with an optical shutter ring 
function. The S/N ratio has been improved by taking photodetection equipment and a 
synchronization like the light chopper for lock in amplifier, and performing a shutter ring 
especially. Moreover, also in the optical-communication field, the optical attenuator of a fixed 
attenuation factor used conventionally can obtain now the strange optical attenuator which can 
be decreased by applied-voltage adjustment. 



[Translation done.] 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran.web_cgi_ejje 



2005/02/16 



1/1 ^— V 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] In this case, in order that light may pass a liquid 
crystal solidification object complex layer twice by considering as the configuration of a 
reflective mold, the scattering power of the liquid crystal solidification object complex itself 
improves by leaps and bounds compared with the configuration of the transparency mold which 
light passes once. 

[0006] However, in order for a part of interface reflection produced in the interface of a liquid 
crystal optical element, the interface of the lens for condensing, etc. to always carry out 
incidence to the optical fiber by the side of optical outgoing radiation, when liquid crystal 
solidification object complex was in a dispersion condition, the outgoing radiation quantity of light 
from an optical fiber did not become low, and the extinction ratio of the outgoing radiation light 
by the electrical-potential-difference impression to a liquid crystal solidification object complex 
layer and un-impressing was not able to say that it was high compared with the configuration of 
a transparency mold. 

[0007] Therefore, the dynamic range of the quantity of light change accompanying the electrical- 
potential-difference seal of approval of a liquid crystal optical element hardly improved as 
compared with the component configuration of a transparency mold, and it was still a low 
characteristic value. Moreover, when the light source which emits a lot of light was used, the 
temperature rise of the liquid crystal optical element accompanying the radiant heat etc. was 
remarkable, the repeatability of various kinds of electro-optics properties (the property of 
applied-voltage pair light transmittance, a dynamic response characteristic, extinction ratio, etc.) 
became low, and exact modulated light became difficult. 
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MEANS 



[Means for Solving the Problem] The liquid crystal optical element characterized by this 
invention possessing the following, and a light reflex means, The second prism object and the 
second light guide means are established, and a light reflex means is arranged in the middle of 
the optical path from the light source to the second light guide means. [ whether a liquid crystal 
solidification object complex layer approaches the reflector side of a light reflex means, and is 
arranged, and ] Or stick to a reflector and are arranged, and the light by which outgoing radiation 
was carried out from the light source passes the first light guide means, and it carries out 
incidence inside a liquid crystal optical element from the incidence section of the first field of a 
liquid crystal optical element through the first prism object. It is reflected once or more with the 
first reflective section or light reflex means of a field, respectively, and outgoing radiation is 
carried out to the last from the outgoing radiation section of the first field. Furthermore, 
incidence is carried out to the second light guide means through the second prism object. By the 
time it results [ from the incidence section ] in the outgoing radiation section, it is 2n about a 
liquid crystal solidification object complex layer. Time (n= 1 or more integers) passage is carried 
out [ whether irregularity is prepared in at least one interface in the interface which the quantity 
of light is controlled by the transmittance of the light of a liquid crystal solidification object 
complex layer in this case, and crosses the optical path inside a liquid crystal optical element, 
and ] Or the spacing d of the liquid crystal solidification object complex layer of a liquid crystal 
optical element, and a light reflex means [ whether it considers as 10 or more times to thickness 
t of a liquid crystal solidification object complex layer, and ] Or liquid crystal optical equipment 
characterized by making at least one interface in the interface which crosses the optical path 
inside a liquid crystal optical element incline only at the predetermined include angle alpha to the 
reflector of a light reflex means (1). Light source The first light guide means The first prism 
object The liquid crystal solidification object complex with which distributed maintenance of the 
liquid crystal was carried out into the solidification object matrix between the front substrate 
with which the front electrode was formed, and the flesh-side substrate with which the flesh- 
side electrode was formed is pinched. The liquid crystal solidification object complex layer which 
light penetrates when liquid crystal was controlled by the electric field generated between two 
electrodes, light is scattered about when the refractive index of liquid crystal is not in agreement 
with the refractive index of a solidification object matrix, and the refractive index of liquid crystal 
is mostly in agreement with the refractive index of a solidification object matrix 
[0009] Moreover, between the light source, the first light guide means, the front substrate with 
which the front electrode was formed, and the flesh-side substrate with which the flesh-side 
electrode was formed The liquid crystal solidification object complex with which distributed 
maintenance of the liquid crystal was carried out into the solidification object matrix is pinched. 
Light is scattered about, in case liquid crystal is controlled by the electric field generated 
between two electrodes and the refractive index of liquid crystal is not in agreement with the 
refractive index of a solidification object matrix. The liquid crystal optical element equipped with 
the liquid crystal solidification object complex layer which light penetrates when the refractive 
index of liquid crystal was mostly in agreement with the refractive index of a solidification object 
matrix, A light reflex means, the second light guide means, and the prism object equipped with 
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the reflector are established. A light reflex means is arranged in the middle of the optical path 
from the light source to the second light guide means. [ whether a liquid crystal solidification 
object complex layer approaches the reflector side of a light reflex means, and is arranged, and ] 
Or stick to a reflector, it is arranged and the light by which outgoing radiation was carried out 
from the light source is made to pass the first light guide means. A light guide is carried out 
inside a prism object from the plane of incidence of a prism object, and incidence is further 
carried out inside a liquid crystal optical element from the incidence section of the first field of a 
liquid crystal optical element It is reflected once or more with the reflector or light reflex means 
of a prism object, respectively. By the time it finally carries out incidence to the second light 
guide means from the outgoing radiation side of a prism object and reaches [ from the plane of 
incidence of a prism object ] the outgoing radiation side of a prism object, it is 2n about a liquid 
crystal solidification object complex layer. Time (n= 1 or more integers) passage is carried out. 
[ whether irregularity is prepared in at least one interface in the interface which the quantity of 
light is controlled by the transmittance of the light of a liquid crystal solidification object complex 
layer in this case, and crosses the optical path inside a liquid crystal optical element, and ] Or 
the spacing d of the liquid crystal solidification object complex layer of a liquid crystal optical 
element, and a light reflex means [ whether it considers as 10 or more times to thickness t of a 
liquid crystal solidification object complex layer, and ] Or the liquid crystal optical equipment (2) 
characterized by making at least one interface in the interface which crosses the optical path 
inside a liquid crystal optical element incline only at the predetermined include angle alpha to the 
medial axis of an optical path is offered. 

[0010] Moreover, in the liquid crystal optical equipment with which irregularity was prepared in 
the interface of above liquid crystal optical equipment (1) or (2), the liquid crystal optical 
equipment (3) characterized by forming irregularity in the interface which a front electrode 
makes is offered. Moreover, in the liquid crystal optical equipment with which irregularity was 
prepared in any one interface of above liquid crystal optical equipment (1) - (3), the liquid crystal 
optical equipment (4) characterized by forming irregularity in the interface which a flesh-side 
electrode makes is offered. 

[0011] Moreover, in the liquid crystal optical equipment with which irregularity was prepared in 
any one interface of above liquid crystal optical equipment (1) - (3), the liquid crystal optical 
equipment (5) characterized by coming to use a light reflex means also [ electrode / almost 
flat / of a liquid crystal optical element / flesh-side ] is offered. Moreover, in any one liquid 
crystal optical equipment of above liquid crystal optical equipment (1) - (5), the liquid crystal 
optical equipment (6) characterized by forming a heat regulator in a flesh-side substrate side 
further is offered. Furthermore, the lighting system equipped with any one liquid crystal optical 
equipment of above liquid crystal optical equipment (1) - (6) is offered. 

[0012] In the liquid crystal optical equipment of this invention, detailed irregularity is formed in 
the transparent electrode side of a liquid crystal optical element as an unnecessary normal 
reflected light reduction means, or spacing d of the liquid crystal solidification object complex 
layer of a liquid crystal optical element and a light reflex means is made into 10 or more times to 
thickness t of a liquid crystal solidification object complex layer. Whenever [ tilt-angle ] is 
prepared for the liquid crystal solidification object complex layer of a liquid crystal optical 
element to the reflector of a light reflex means. The component which carries out incidence to 
the second light guide means among the normal reflection produced with these unnecessary 
reflective reduction means in the interface of a liquid crystal solidification object complex layer 
and substrate glass with a transparent electrode etc. is reduced. 

[0013] Moreover, one-structure is adopted and a compact and the liquid crystal optical 
equipment which was optically [ firmly and ] excellent mechanically are offered so that the 
normal reflected light by the interface between a prism object and a liquid crystal optical element 
may be controlled positively. 
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OPERATION 

[Function] In order that according to this invention light may pass only through the inside of a 
solid-state medium and may pass a liquid crystal solidification object complex layer twice [ at 
least ] or more, the effectual scattering power of a transparency dispersion mold optical element 
improves. And when the liquid crystal optical element of a transparency dispersion mold is 
installed between the light source and an optical fiber with a reflective mold configuration, 
degradation of the extinction ratio and dynamic range resulting from interface reflection of each 
optical element which poses a problem is improved. Consequently, a high extinction ratio is 
obtained compared with the optical equipment using the transparency dispersion mold liquid 
crystal optical element and optical fiber of the conventional transparency mold component 
configuration and a reflective mold component configuration. 

[0015] Moreover, while the electro-optics property of a liquid crystal optical element is 
stabilized, it can be made to always operate at the temperature from which the optimal electro- 
optics property is acquired by carrying out temperature control of the liquid crystal optical 
element compulsorily from a flesh-side substrate side. 

[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web.cgi_eije 



2005/02/16 



1/9 s<— V 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

"I.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



EXAMPLE 



[Example] 

(Example 1) An example explains concretely hereafter. The example 1 of this invention is shown 
• n drawing 1 , and it explains with reference to this. The light guide of the light by which outgoing 
radiation was carried out from the light source installed outside as the light source is carried out 
from the optical fiber 51 for an input, and the liquid crystal optical equipment of an example 1 is 
introduced inside the liquid crystal optical element 30 from 1st prism object 2A of an input side 
through the input interface 55. 2nd prism object 2B, the output interface 56, and the optical fiber 
52 for an output are mostly formed in the symmetry with the input side also at the output side. 
[0017] What bundled the fiber of the numerical aperture (N.A.) 0.57 which uses multicomponent 
glass as a core as optical fibers 51 and 52 of the input side and output side which are used as a 
light guide means, and was used as the bundle fiber with a diameter of 5mm was used. 
[0018] Parallel Guanghua of the light by which outgoing radiation was carried out from the bundle 
fiber 51 is carried out to the input interface 55 and the output interface 56 with a convex lens 55 
using a convex lens, and parallel light is condensed on the outgoing radiation side bundle fiber 52 
with the convex lens 56. Although the input interface 55, the output interface 56, the light guide 
means 51 and 52, prism object 2A, 2B, and the structure where 3 and 4 were joined are 
describing in drawing 1 -4, the light guide may be carried out through space as mentioned above. 

[0019] In order to reduce firmer immobilization and interface reflected light loss, the structure 
which joined the input interface and the output interface to the light guide means and the prism 
object, respectively, using a refractive-index distribution pattern (gray TEDDO index) rod lens as 
an input interface and an output interface as shown in drawing 1 -4 is desirable. As for prism 
object 2A, 2B, and the liquid crystal optical element 30, it is desirable that a refractive index is a 
comparable optical material, and each is joined in optical adhesives with a comparable refractive 
index, or coupling oil. 

[0020] When carrying out the light guide of the inside of a liquid crystal optical element using the 
total reflection in the front face of the front substrate 31 of the liquid crystal optical element 30, 
while a configuration is easy, about 100% of high reflection factor is obtained. However, critical 
angle thetac the incident angle within a front substrate (refractive index n) is described to be by 
the following (1) formula in order for total reflection to happen It must be more than (degree). 
sin(thetac) =1/n (1) 

[0021] Therefore, the include angle of prism object 2A, and the inclined plane of 2B and the front 
substrate of the liquid crystal optical element 30 to make must be carried out above (90 degree- 
thetac). When forming the reflective film in the front face of the front substrate 31 of the liquid 
crystal optical element 30, since there is no constraint like (1) type, its tolerance of formation of 
prism object 2A and 2B is on the other hand, wide. 

[0022] The liquid crystal optical element 30 consists of the front substrate 31, transparent front 
electrode 30A, liquid crystal resin complex layer 30B, flesh-side electrode 30C that reflects light 
by non-transparence and makes a reflective means serve a double purpose, and a flesh-side 
substrate 32. The heat regulator is formed in the flesh-side substrate 32 side. Furthermore, it 
consists of a drive circuit which drives a liquid crystal optical element, ********** which carries 
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out drive control of the heat regulator. 

[0023] The case in this example, by repeating reflection between flesh-side electrode 30C 
combining and [ front / 31 ] and a reflective means, using the interface of the glass and air of 
the front substrate 31 of a liquid crystal optical element as a total reflection side, and passing a 
liquid crystal solidification object complex layer 4 times or more, scattering power can be 
improved further and an extinction ratio can be improved. 

[0024] It is made for the total reflection in which the reflection by the interface of the vitreous 
front substrate 31 and air becomes settled with the refractive index of glass to happen like 
drawing 1 at this time. Or mirrors, such as metal mirrors, such as aluminum and silver, and a 
multilayer dielectric film, may be formed. As a normal reflective reduction means, the field of the 
front substrate 31 in which front electrode 30A is formed is made into the frosting side in which 
detailed irregularity was formed. 

[0025] Next, it outlines about the configuration of the liquid crystal solidification object complex 
used by this invention. In the liquid crystal optical element in this invention, the liquid crystal 
display component which pinched the liquid crystal solidification object complex with which 
distributed maintenance of the nematic liquid crystal was carried out into the solidification object 
matrix is used. It is desirable to use the liquid crystal solidification object resin complex it was 
made mostly in agreement [ complex ] with the Tsunemitsu refractive index (no) of the liquid 
crystal which distributed maintenance of the nematic liquid crystal which has a forward dielectric 
anisotropy especially is carried out into a solidification object matrix, and the refractive index of 
the solidification object matrix uses. And liquid crystal solidification object complex is pinched 
between substrates with the electrode of a pair. 

[0026] no of a nematic liquid crystal When the refractive-index anisotropy which is a difference 
with an extraordinary index (ne) is set to **n, as for **n, it is desirable that it is 0.18 or more. 
Moreover, in order to obtain scattering power with a high liquid crystal solidification object 
complex layer to the specific wavelength lambda (micrometer), it is desirable that the mean 
particle diameter R of liquid crystal (micrometer) has gathered according to the wavelength. In 
fact it is desirable to fill the relation of ** n-R**Iambda. 

[0027] Therefore, when modulating the light of the wavelength band (lambda=0.4-0.7 
(micrometer)) of the light using the bundle fiber for optical energy transmissions, in order for the 
scattering power in a liquid crystal solidification object complex layer to become homogeneity 
mostly in a full wave length region, it is desirable to be distributed over the range in which the 
mean particle diameter R of liquid crystal fills the relation of 0.4<**n-R<0.7. 

[0028] When, using the light of the semiconductor laser diode of a non-light region, or the single 
wavelength of the near-infrared wavelength region (lambda=0.8-1.6 (micrometer)) of LED as a 
light on the other hand using the single track fiber for optical communication, or when using for 
optical measurement the light of the single wavelength of the helium-Ne laser which is the laser 
of a light oscillation, or semiconductor laser, the mean particle diameter R of liquid crystal has 
the desirable structure with little particle size distribution where ** n-R**lambda is filled. 
[0029] As for the substrate with this electrode, that by which the electrode was prepared on 
substrates, such as glass, plastics, and a ceramic, is used. A transparent ingredient is used for 
the substrate by the side of plane of incidence at least in this invention. Glass is suitable for 
forming few still flatter and optical distorted substrate sides. 

[0030] Between the substrates of a pair with an electrode, liquid crystal solidification object 
complex is pinched, respectively. Electric field occur by impression of an electrical potential 
difference, this liquid crystal solidification object complex changes the orientation of a liquid 
crystal molecule according to that electric field, and the refractive index of the liquid crystal in 
liquid crystal solidification object complex changes. When the refractive index of the solidification 
object matrix is mostly in agreement with the refractive index of liquid crystal, light penetrates, 
and light is scattered about when not in agreement. Since the liquid crystal optical element using 
this liquid crystal solidification object complex does not use the polarizing plate, an optical 
modulator with little optical loss is obtained. 

[0031] The liquid crystal solidification object complex which specifically consists of a 
solidification object matrix by which a large number formation of the hole fine as a liquid crystal 
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display component was carried out, and a nematic liquid crystal with which the part of the hole 
was filled up is used. This liquid crystal solidification object complex is pinched between 
electrode substrates. The refractive index of the liquid crystal changes and the relation between 
the refractive index of a solidification object matrix and the refractive index of liquid crystal 
changes with the impression conditions of an electrical potential difference inter^electrode 
[ the ]. When these both refractive index is mostly in agreement, it will be in a transparency 
condition, and when refractive indexes differ, a liquid crystal optical element which will be in a 
dispersion condition can be used. 

[0032] The liquid crystal solidification object complex which consists of a solidification object 
matrix by which a large number formation of this fine hole was carried out, and liquid crystal with 
which the part of that hole was filled up is the structure by which liquid crystal was confined in a 
liquid bubble like a microcapsule. However, each microcapsule does not need to be independent 
completely and the liquid bubble of each liquid crystal may be open for free passage through a 
slit like a porous body. Furthermore, the degree of a free passage may be high and in the 
condition which liquid crystal is opening for free passage in the shape of a stitch is sufficient. 
[0033] The liquid crystal solidification object complex used for this invention is the following, and 
is made and manufactured. A nematic liquid crystal and the hardenability compound which 
constitutes a solidification object matrix are mixed, and it is made the shape of the shape of a 
solution, and a latex. Subsequently, what is necessary is for photo-curing, heat curing, hardening 
by solvent removal, reaction hardening, etc. to carry out this, to separate a solidification object 
matrix, and just to take the condition that the nematic liquid crystal distributed in the 
solidification object matrix. 

[0034] Since the hardenability compound to be used can be hardened within a sealing system by 
making it photo-curing or a heat-curing type, it is desirable. When a photo-curing type 
hardenability compound is used especially, it cannot be influenced by heat, can be made to 
harden for a short time, and is desirable. After forming a eel using a sealant like the conventional 
usual nematic liquid crystal as a concrete process, pouring in non-hardened mixture 
[ compound / a nematic liquid crystal and / hardenability ] from an inlet and closing an inlet, it 
can heat whether an optical exposure is carried out and can also be made to harden. 
[0035] Moreover, in the case of the liquid crystal optical element in this invention, non-hardened 
mixture [ compound / a nematic liquid crystal and / hardenability ] can be supplied on the 
substrate which prepared the transparent electrode as an electrode, not using a sealant, and 
another substrate with an electrode can also be stiffened by optical exposure etc. in piles after 
that Of course, after that, a sealant may be applied on the outskirts and the seal of the 
circumference may be carried out. According to this process, in order for what is necessary to 
be just to only supply a roll coat, a spin coat, printing, spreading according non-hardened mixture 
[ compound / a nematic liquid crystal and / hardenability ] to a dispenser, etc., an impregnation 
process is simple and productivity is very good. 

[0036] Moreover, into non-hardened mixture [ compounds / these / nematic liquid crystals and 
hardenability compounds ], spacers, such as a ceramic particle for substrate gap control, a 
plastics particle, and a glass fiber, a pigment, coloring matter, a viscosity controlling agent, and 
the other additives that do not have a bad influence on the engine performance of this invention 
may be added. 

[0037] As mentioned above, although the manufacture approach by the photopolymerization 
method was shown, microencapsulation liquid crystal can also be formed also by the emulsion 
method. 

[0038] Below, the other requirements for a configuration are explained. As front electrode 30A of 
the liquid crystal optical element 30, transparent electrodes, such as ITO, are formed on the 
vitreous front substrate 31 in which frosting processing was carried out by etching and polish 
with acid liquid. The irregularity formed of frosting processing should just be a configuration 
which reduces that normal reflection in the field finally reaches the light guide means 52 by the 
side of outgoing radiation. 

[0039] Therefore, the irregularity of the shape of a rectangle in which many fields parallel to 
reflector 30C exist is unsuitable, and its irregularity of the shape of** which is the aggregate of 
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the slant face which has a tilt angle is desirable. Although this tilt angle is related to the incident 
angle to the effective diameter of the light guide means 51 and 52, the input interface 55, the 
output interface 56, and a liquid crystal solidification object complex layer, the count of 
reflection, etc., generally as unnecessary interface reflection as the irregularity of the shape of 
sharp ** is removed, so that a tilt angle is perpendicularly near. 

[0040] However, since surface area increases so that an acute angle, the rate of interface 
reflection increases and the transmitted light which can be used decreases. Therefore, the 
irregularity of the shape of ** with many inclination components which do not cause the 
remarkable decline in permeability but can reduce unnecessary interface reflection is desirable. 
Moreover, as a display device in this liquid crystal optical equipment, since the homogeneity of 
the property within a field is not required, the constraint about concavo-convex magnitude 
(pitch) is not so severe, but in the property of the amount of transmitted lights over applied 
voltage, when a sharper standup is needed like [ in the case of an on-off control action ], 
concavo-convex magnitude (pitch) is so desirable that it is small. 

[0041] It is more desirable to make it into a big value, concavo-convex pitch, i.e., depth, and for 
the thickness of a liquid crystal solidification object complex layer to distribute on the other 
hand, since the property of the amount of transmitted lights over gently-sloping applied voltage 
is required for application of the dimmer which wants to control the middle quantity of light 
finely, in order to reduce further the interface reflectivity produced between the transparent 
electrodes and liquid crystal solidification object complex layers which were formed on the 
concave convex — a transparent electrode layer top — Si02 MgF2 etc. — it is desirable to 
form a low refractive-index layer as an a nti reflection film. Moreover, the vitreous flesh-side 
substrate 32 which formed the aluminum film to serve also as an electrode as reflector 30C was 
used. It is good also as structure which carried out the laminating of the transparent electrode 
on the derivative multilayers mirror in addition to the metal membrane. 

[0042] When using the total reflection produced in the interface of the reflector of the front 
substrate 31, and air, since a surface foreign matter and dirt become the cause of degrading 
total reflection effectiveness, it is desirable to form in a front face the film with a small 
refractive index, for example, the polymer which has a fluorine-containing aliphatic series ring 
structure, (trademark: SAITOPPU) as a protective coat from a front substrate ingredient 
[0043] Furthermore, when a liquid crystal solidification object complex layer is in a transparence 
condition, the reflector field where total reflection of the light is carried out with the front 
substrate 31 is only a part as shown in drawing 1 , but when a liquid crystal solidification object 
complex layer is in a dispersion condition, incidence of the scattered light is carried out to the 
larger range of an interface with the air of the front substrate 31. In order to remove such the 
unnecessary scattered light efficiently, it is effective to form light absorption objects, such as a 
black coating, in addition to the total reflection field needed. 

[0044] Moreover, the heat sink by which the temperature sensor and the electrical heater were 
built in the background of the reflector of a liquid crystal optical element was pasted up. 
Furthermore, the fan for air cooling was attached behind this heat sink, and it could be made to 
carry out by the electrical heater and the fan for air cooling the temperature control, acting as 
the monitor of the temperature so that a liquid crystal optical element may be maintained by 
laying temperature. 

[0045] The light guide of the sources of the light, such as a halogen lamp, Xe lamp, and a metal 
halide lamp, was carried out to the incidence side optical fiber 51, and it considered as incident 
light Alternating voltage was impressed to inter-electrode [ of the aforementioned liquid crystal 
optical element 30 ] for the 100Hz square wave, and it considered as the dimmer by modulating 
an effective voltage value by the external circuit, and changing the transparency dispersion 
condition of a liquid crystal optical element The optical property was measured using the liquid 
crystal optical equipment using the liquid crystal optical display device of the optical fiber of this 
invention produced with such a configuration, and a transparency dispersion mold. The result 
was summarized in Table 1. 

[0046] In Table 1, relative light transmittance makes the example of a comparison 100%. 
moreover, measurement — constant temperature — carried out within a degree tub, 
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temperature means not the temperature of a liquid crystal display component but the ambient 
temperature of optical equipment, and a measurement extinction ratio shows the range of the 
light value ratio of the outgoing radiation side fiber 52 to the applied-voltage values OV and 30V 
of the liquid crystal optical element in a 0 to 50 degrees C temperature requirement. Same 
optical property evaluation was performed about the thing of a configuration of having made the 
table electrode 30A page into the flat side among the liquid crystal optical elements of a 
configuration of having been shown in the example 1 as an example of a comparison, and the 
result was indicated. 
[0047] 
[Table 1] 
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[0048] This result shows that the improvement in fast of an extinction ratio and stability are 
attained by the configuration of this invention while optical loss has been almost small. 
Therefore, adjustment of the outgoing radiation quantity of light corresponding to an applied- 
voltage value can carry out to a high speed arbitrarily [ there is little quantity of light loss and ] 
by using this optical equipment as a dimmer. 

[0049] Moreover, the optical outgoing radiation edge of an outgoing radiation side optical fiber is 
turned to an illuminated object, and this liquid crystal optical equipment installs it, and when 
carrying out optical high measurement of a S/N ratio by the lock-in amplifier, it can use the 
electrical signal of photodetectors, such as the photomultiplier tube and Si photodiode, as a 
required fiber type light chopper. Compared with a conventional pivoted window type chopper or 
a conventional oscillatory type chopper, small and high-speed optical chopping becomes 
possible. 

[0050] Metallic reflection mirrors, such as aluminum, are sufficient as reflector 30C, and an 
optical interference multilayers reflecting mirror is sufficient as it In the case of the former, in 
order that a reflector may serve also as an electrode, manufacture is easy, and a component can 
be constituted without complicating structure. In the case of the latter, it is also possible to form 
the cold mirror which has the spectral characteristic which penetrates a heat ray and reflects 
only the light by the configuration of multilayers, and it has the degree of freedom which can also 
form the mirror of 100% of reflection factors to the specific semiconductor laser wavelength 
used by optical communication. 

[0051] (Example 2) It explains using drawing 2 . In this example, unlike the configuration of an 
example 1, each of front electrode 30A and flesh-side electrode 30C is transparent electrodes, 
and it is a flat side mostly [ both ]. Moreover, by opening enough the distance d of liquid crystal 
solidification object complex layer 30B and the reflector of a reflective means The optical path 
of the normal reflected light which produces the optical path of the normal reflected light 
produced in an interface with the field of liquid crystal solidification object complex layer 30B of 
thickness t, transparent front electrode 30A, and flesh-side electrode 30B in the field of a liquid 
crystal optical element is shifted to the field inboard of a liquid crystal optical element. The 
unnecessary interface reflected light can be prevented from reaching the light guide means 52 by 
the side of outgoing radiation. 

[0052] This shift-amount delta is described to be delta=2d-tantheta by the distance d of the 
incident angle theta of the incident light to liquid crystal solidification object complex layer 30B, 
and the reflector of a reflective means. In order not to make the unnecessary interface reflected 
light reach the outgoing radiation side light guide means 52, shift-amount delta should just be 
more than the exposure width of face L of the incident light to liquid crystal solidification object 
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complex layer 30B. Thus, if shift-amount delta required to remove the unnecessary interface 
reflected light becomes settled, spacing d can be found according to it. Since a liquid crystal 
optical element will be enlarged if thickness d more than fixed is needed when the function as a 
substrate of one side holding a liquid crystal solidification object complex layer is also taken into 
consideration, and d is made into a big value on the other hand, about d= 0.5-30mm is desirable 
in fact. 

[0053] Moreover, in this example, the refractive-index distribution pattern (gray TEDDO index) 
rod lens was used as the input interface 55 and an output interface 56, using quartz system 
single-mode optical fiber with a core diameter [ for optical-communication information 
transmissions ] of 10 micrometers as light guide means 51 and 52. Optical fiber guided wave light 
used the semiconductor laser light of the wavelength of 1.3 micrometers, and 1.5-micrometer 
near-infrared region. Prism object 2A and 2B are joined to the front substrate 31 of the input 
interface 55, the output interface 56, and the liquid crystal optical element 30 with optical 
adhesives, as respectively shown in drawing 2 . 

[0054] Moreover, the dielectric multilayer reflecting mirror which reflects the light of the 
wavelength band of guided wave light only in the reflector part of the front face of the front 
substrate 31 of the liquid crystal optical element 30 99% or more is formed, and the light 
absorption object is applied to the front face of other front substrates 31. In order to perform 
reflection in the front face of the front substrate 31 not by total reflection but by the dielectric 
multilayer reflecting mirror, it is not necessary to fill with this example the total reflection 
conditions described by (1) formula. 

[0055] Therefore, in order to prevent carrying out total reflection of the guided wave light with 
unnecessary scattered light in liquid crystal solidification object complex layer 30B, wavelength 
light other than guided wave light, etc. on the front face of the front substrate 31, and a part 
guiding waves (1) Critical angle thetac which becomes settled by the formula It determined that 
the tilt angle of prism object 2A and 2B carried out incidence to liquid crystal solidification 
object complex layer 30B by the small incident angle, and the rate that an unnecessary light 
guides the liquid crystal optical element 30 interior was reduced. 

[0056] In this example, it considered as the thickness of about 20 micrometers of liquid crystal 
solidification object complex layer 30B, and boro-silicated glass of about 1mm of board thickness 
was used for the front substrate 31 and the flesh-side substrate 32. Consequently, the high 
extinction ratio of 106 more than and the speed of response of 2 or less msecs were stabilized, 
and were obtained. 

[0057] (Example 3) It explains using drawing 3 . Unlike the configuration of an example 1, in this 
example, both the field of front electrode 30A and the field of flesh-side electrode 30C are 
almost flat. Light is reflected by the light reflex means 90 of the dedication prepared in the rear- 
face side of the flesh-side substrate 32. Moreover, unnecessary interface reflection of the liquid 
crystal optical element 30 interior is removable by not supposing that transparent front 
electrode 30A and flesh-side electrode 30C which touch liquid crystal solidification object 
complex layer 30B are parallel to the light reflex means 90, but attaching whenever [ suitable 
tilt-angle ]. 

[0058] Since the flat profile irregularity of a substrate is not required so much in the case of this 
invention which is made to transmit due to about 1 to 1, without converging light, it is 
satisfactory even if it uses a long film formation technique using a cheap film-like substrate with 
sheet metal like a PET film. 

[0059] In this example, it is arranged so that the unnecessary normal reflected light of the 
interface in the liquid crystal solidification object complex layer 30B may carry out incidence to 
the outgoing radiation side optical fiber 52, and may not cause degradation of an extinction ratio, 
and front electrode 30A, liquid crystal solidification object complex layer 30B, the field side of 
flesh-side electrode 30C, and the reflector 90 of a light reflex means may incline. 
[0060] The tilt angle alpha will not carry out incidence of the unnecessary reflected light 
produced in the interface of a liquid crystal solidification object complex layer to the light guide 
means 52, if it is set as the liquid crystal solidification object complex layer which becomes 
settled with the effective diameter of the light guide means 51 and 52, and the focal distance of 
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close and the output interfaces 55 and 56 to the distributed angle theta of the parallel light 
which carries out incidence more than theta. 

[0061] Since N.A. is also small, the range of alpha of 0.1 degrees - 10 degrees is [ whenever / 
tilt-angle ] desirable [ a core diameter is as thin as 200 micrometers or less, and ] in the case of 
the single track fiber for optical communication. Since it uses as a bundle fiber etc. in the case 
of the fiber for optical energy transmissions, and the diameter of a fiber of the optical 
transmission section is as thick as about 2~20mm, the range of alpha of 1 degree - 20 degrees is 
[ whenever / tilt-angle ] on the other hand, desirable. 

[0062] Furthermore, although the interface reflected light is removed also when it considers as 
whenever [ big tilt-angle / alpha ], the light which carries out incidence from across becomes 
most at a liquid crystal solidification object complex layer, and effectual permeability falls that it 
is easy to produce Hayes accompanying index mismatching at the time of transparence. 
Moreover, since a liquid crystal optical element will become thick and the magnitude and weight 
of the whole equipment will increase if alpha becomes large whenever [ tilt-angle ], limiting to 
the above-mentioned range is [ whenever / tilt-angle ] desirable [ alpha ]. 

[0063] Since the bundle fiber with a same effective diameter [ as an example 1 ] of 5mm and the 
convex lens with a focal distance of 30mm were used, the distributed angle theta of the parallel 
light which carries out incidence to a liquid crystal solidification object complex layer became 
about 10.6 degrees, and made 12 degrees of liquid crystal solidification object complex layers 
incline to the reflector of a light reflex means in this example. 

[0064] In this example, in order to perform a temperature control to accuracy more and to 
secure the repeatability of an optical property also to large environmental temperature, the 
reflecting mirror was used as the cold mirror and the heat sink where the Peltier device and 
temperature sensor of electronics control were embedded as a heat regulator 60 was used. 
[0065] When the configuration of drawing 3 estimated the optical property, while the extinction 
ratio 320 was always obtained from -20 degrees C in the large environmental temperature of 80 
degrees C, the result of having been stabilized by the applied-voltage pair optical output 
property to the temperature change was obtained. Moreover, compared with the thing of 
aluminum nature, since the reflection factor was high about 10%, as for relative light 
transmittance, the direction of cold mirror nature became a high value compared with the 
example 1 of a comparison. 

[0066] Furthermore, in the liquid crystal optical equipment of the configuration of an example 
explained above, it has composition which may be able to carry out forcible temperature control 
of the liquid crystal optical element 30 from a reflector side (background of the flesh-side 
substrate 32). As a compulsive temperature control method, it equips with a heat sink and cools 
with an air cooling fan. Or it can equip with a Peltier device, an electrical heater, and a 
temperature sensor, and temperature control can also be depended and carried out to heating 
and cooling so that it may be maintained by fixed temperature. 

[0067] (Example 4) The example 4 of this invention is explained using drawing 4 . In this example, 
it consists of a liquid crystal optical element 30 of the incidence side optical fiber 51 and the 
outgoing radiation side optical fiber 52, the prism object 3 equipped with the total reflection side 
of a V type, and the reflective mold that functions as the light modulation section, and a heat 
regulator 60 using the single track optical fiber for optical communication, and consists of an 
electronic circuitry which carries out drive control of the drive circuit and heat regulator 60 
which drive a liquid crystal optical element further. 

[0068] Moreover, it consisted of the 1st interface 55 or 2nd interface 56 etc. which serves as 
the liquid crystal optical element 30 and the prism object 3 from a rod lens, and each optical 
element is pasted up on one with optical adhesives. 

[0069] Frosting processing of the glass side of a substrate 31 in which transparent front 
electrode 30A (ITO etc.) by the side of the optical plane of incidence of the liquid crystal optical 
element 30 or an outgoing radiation side is formed is carried out. On the flesh-side substrate 32 
with which the optical interference multilayers mirror which reflects the luminescence 
wavelength of specific LD (laser diode) or LED which is incident light as a reflector was formed, 
the transparent electrode was formed and the opposite substrate was formed. As an optical fiber 
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by the side of the incidence of a liquid crystal optical element, and outgoing radiation, it is the 
quartz system fiber of FC connector connection mold, and the step mold refractive-index 
distribution optical fiber for multi-mode transmission with a core diameter of 50 micrometers 
was used. 

[0070] As an input interface and an output interface, the rod lens (NSG: SELFOC lens) of 
diameter =1.8mm, pitch =1/4, and the gray TEDDO index mold for wavelength 830nmLD of lens 
length =4.73mm was used for each. 

[0071] After reflecting an almost parallel light by which outgoing radiation was carried out from 
the input interface 55 (rod lens) by one prism total reflection side 3a, using BK7 of optical glass 
as a prism object, incidence is carried out to the liquid crystal optical element 30 of a reflective 
mold by about 18-degree incident angle. After reflecting the normal reflected light reflected with 
the reflective means (flesh-side electrode 30C is made to serve a double purpose) by another 
prism total reflection side 3b, the light guide is carried out with an output interface. It is further 
condensed by the end face of the optical fiber 52 by the side of outgoing radiation, and this light 
turns into outgoing radiation light. 

[0072] In this example, the always stabilized optical property was obtained in large environmental 
temperature like the example 2 using the heat sink where the Peltier device and temperature 
sensor of electronics control were embedded as a heat regulator 60. The result of having 
measured the optical property was summarized in Table 2 using the optical fiber of this invention 
and the **** liquid crystal optical equipment for transparency dispersion mold display devices 
which were produced with such a configuration. In Table 2, relative light transmittance makes the 
example of a comparison 100%. 

[0073] moreover, measurement — constant temperature — carried out within the degree tub, 
temperature meant not the temperature of a liquid crystal display component but the ambient 
temperature of optical equipment, and evaluated the measurement extinction ratio and the speed 
of response to the applied-voltage values 0V and 100V of a liquid crystal optical element in the 
-20 to 60 degrees C temperature requirement 

[0074] As an example of a comparison, the flat side of the [TO electrode surface by the side of 
the optical incidence of the liquid crystal optical element which is a configuration conventionally 
was carried out, and the same optical property evaluation result was indicated also about the 
thing of a configuration of not carrying a heat regulator 60. 
[0075] 
[Table 2] 
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[0076] From this result, the configuration of this invention shows that the improvement in fast of 
an extinction ratio and stability are attained, while there has almost been no optical loss. 
Therefore, by using this optical equipment as a good light variation attenuator for optical 
communication, there is little quantity of light loss and adjustment of the outgoing radiation 
quantity of light corresponding to an applied-voltage value can carry out to a high speed 
arbitrarily. 

[0077] Other configurations may be used although the configuration using the prism object 3 
which has the total reflection side of a V type described in this example. For example, an optical 
path may be bent according to the spherical surface or the aspheric surface. Moreover, an 
extinction ratio is also further improvable by considering as the configuration which changed the 
ratio of the configuration of the total reflection side of the prism object 3, and the core diameter 
of an optical fiber. 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web.cgLejje 



2005/02/16 



9/9 s<— v 



[0078] (Example 5) An example 5 is explained using drawing 5 . In this example, by carrying out 
incidence of the optical fiber for an input, and the almost parallel light by which outgoing 
radiation was carried out to the prism object 4 from the interface 55 (rod lens) for an input with 
the prism object 4 of a trapezoid configuration by the suitable incident angle for the liquid crystal 
optical element 30 of a reflective mold, total reflection is carried out by flesh-side electrode 
30C, and total reflection is again carried out by top total reflection side 4a of the prism object 4. 
And if the prism object 4 is arranged in a suitable location, reflection will be rewound two or 
more times in respect of the reflector of a liquid crystal optical element, and total reflection, and 
light will be outputted to the interface 56 for an output by the side of outgoing radiation the back 
the bottom. 

[0079] With such a configuration, an extinction ratio can be further raised compared with the 
configuration in the conventional example which passes light only twice by passing a liquid 
crystal solidification object complex layer 4 times or more. Although drawing 5 is describing the 
case where a liquid crystal solidification object complex layer is passed 4 times, the count of 
passage is changeable into arbitration by the multiple of 2 by changing suitably the die length 
(the die length of the longitudinal direction of top-face 4a) and the incident angle of the prism 
object 4. 

[0080] The same configuration as an example 1 is sufficient as the liquid crystal optical element 
30 of a reflective mold, and it may not form a reflector in contact with liquid crystal solidification 
object complex layer 30B like an example 2 or an example 3, but may establish the light reflex 
means by the external reflector. In this case, what is necessary is for what both sides of a front 
electrode and a flesh-side electrode are made into a frosting side, you prepare spacing with the 
reflector of a light reflex means in a liquid crystal solidification object complex layer like an 
example 2 as a normal reflective reduction means, or is made for the reflector of a light reflex 
means and liquid crystal solidification object complex layer 30B to incline suitably like an 
example 3 (refer to drawing 3 ) just to remove interface reflection with liquid crystal solidification 
object complex layer 30B and an electrode surface. 

[0081] About 2-200 micrometers is desirable, and concavo-convex magnitude (pitch) is 
concavo-convex depth (ten-point average depth) RZ. About 0.1—10 micrometers is desirable. 
Moreover, when light carries out incidence from across to a liquid crystal solidification object 
complex layer in this way, it is desirable that index matching with the liquid crystal at the time of 
transparence makes it whenever [ optical incident angle ] most at the optimal (as [ decrease / 
namely, / Hayes ]) combination. 

[0082] As mentioned above, although the example was explained, an approximate account is 
performed about the magnitude of each part etc. next In transmitting light energy, a halogen 
lamp, a metal halide lamp, Xe lamp, etc. are used as the light source, and in order for all to 
condense efficiently using a condensing means and for luminescence length to do a light guide to 
a fiber about 2-1 0mm for a certain reason, the fiber diameter of about 3-1 0mm is needed. 
[0083] Moreover, the magnitude of the light source has the width of face of 10-30cm (500W- 
3kW) extent from die length of 3-1 0cm (10W - 500W class), and the magnitude of a converging 
mirror will also be doubled according to the classification of the light source. And although the 
magnitude of a liquid crystal optical element is decided according to N.A. of the magnitude, for 
example, the focal distance and effective diameter, and the fibers of the condensing means to be 
used (an ellipse mirror, lens, etc.) etc., when using the above-mentioned light source, it is about 
considered about 1-30cm of vertical angles. 

[0084] In using for the purposes, such as a communication link and optical measurement, the 
incidence aperture of light is 1mm or less, and the diameter is set to 1cm or less even if it uses 
a lens, since the emission light of laser die auto or LED is condensed. Since the optical 
transmission section core diameter of the single track fiber for optical communication is 200- 
micrometer or less extent, the magnitude of a liquid crystal optical element is set to about about 
1-5cm. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] The mimetic diagram of the cross section of the 
the example 1 (concave convex) of this invention. 
[Drawing 2] The mimetic diagram of the cross section of the 
the example 2 (thickness) of this invention. 
[Drawing 3] The mimetic diagram of the cross section of the 
the example 3 (inclination) of this invention. 
[Drawing 4] The mimetic diagram of the cross section of the 
the example 4 (V type prism) of this invention. 
[Drawing 5] The mimetic diagram of the cross section of the 
the example 5 (trapezoidal prism) of this invention. 
[ Drawing 6] The top view showing the configuration in the conventional example. 
[Description of Notations] 
2A: Input-side prism object 
2B: Output side prism object 
30: Liquid crystal optical element 
30A: Front electrode 

30B: Liquid crystal solidification object complex layer 

30C: Flesh-side electrode 

31: Front substrate 

32: Flesh-side substrate 

51: Input-side optical fiber 

52: Output side optical fiber 

55: Input-side interface 

56: Output side interface 

60: Heat regulator 



[Translation done.] 
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liquid crystal optical equipment of 
liquid crystal optical equipment of 
liquid crystal optical equipment of 
liquid crystal optical equipment of 
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DRAWINGS 



[Drawing 1] 




90 



[ Drawing 4] 
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[Drawing 6] 




[Translation done.] 
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#ffi*«*.fejx. tt*BfbiMK-fr<*JI 3 O B S:3t*s 2 111 




(2) 



6-273718 



[#fpi»*<oi5ia] 

as mat £ n £ m $ nfc«£* 

^ b JK^^sffT- <r> F*9 ^ Aft* b * <b *v 

£ e>f;i?g-wXy XAftfc^LTfS-W^fe^lSicAiH- 

awsm* e> aiAtSB x-izmgk mitwm^fcm * 2 

Sfcdu ^Aft^ffc^F^T<Z)ft&^g«b.5#ffitf>5 *> 
A%¥3«. 

©Ml:, ttAtfBJbft-r h y fc^M»fii»S#tfc 
l-ioT^A/WtfiJ^tU ^bbCOJS^^B^-^ h y 

ix. so 



yi)Xi,ft©A»f)/y XA^OffiAtSt-S5*T- 
»^ttaBHk«WS-&fr«S:2" (Hi (n = l«±Oif) ii 
il-arb^btb, ^o^W^ABfli^^WlroftwjS 

t h— onftmizw&fimitibtizfr. 

SfcH. f£A3fe**^rt^?<03^K£4b3#®W5*> 
[«*^3] ffl»*«l £ fell 2 69, #ffi^[!flta^»tf> 

[»#«4] It** 1 ~ 3 <o^-rtv*» 1 ^ffitrQfl 
7 ] If *il 1~6W ^-rn?5^ 1 «©ttfi*^3S 

[0 0 0 1 j 
[0002] 

roFriHc^ B B B ^^5rKBL-C. aA***^^ t»* 



(3) #i?6-2 7 3 7 1 8 



[0 0 0 3] ^^fctt**^*^^©**** 
l:*7r^/ i !5:ffli\ ^r^^t^T'f ^<<t tof^tr 
Lfcflt/^illl S^iT^S, HI 6 \z 

5 l i:tiittfflw3t7r^/<5 2 btEbuyx'4 1 i v S*t 

vz^-rm£kft^m*3 o t*»e,t)S$nt^5. 10 

[0 0 0 4] roftsfcOTtfilfcJ: SfcEWfWe 
flHr— KSr* UB3fc«ft LX~%,(D®m*fT 5:i ©ft 

[0 0 0 5] 

^ t i-s r t \z i o -rasa mimm^-wm 2 urn 

[0 0 0 6] b^L, ttfift**^0>#ffi*3.fctJ<|fc3UI! 
ft^ofc, 

[0 00 7] L3t*SoT, ffift^*T-W®J£E*I^Tt-# 

fcjtts lt&#£ r t mi t a, if ft < fgv ^ttfittw 
^tvy^ *s«F4*tt, »*jt<*) (owmmm < * t> 40 

IE*ft WJtasBH t ft o fc 0 
[0 0 0 8] 

[BUaSrUBfci-Sfcfto^a] *aMBtt/%fl(&. *- 

t iti^^ $ nfcas«© wt- » » a a 
\m>^ v y v***\^m&ft&ftit.m&mim>®.&to 

m&<ommmtfmt®i-? h y y ^^<omtfrmz 

y s/?*«>JS$tS?5£»3cI3:— ffeLfcBgKftjJSjtii-rSfKft so 



#s^5iaB$^, Sf B itt«^*i i±*at¥g«s 

— OffiWAStgBA^^ft7fe^»T-OP ,; 9g|5--A«-frbft b 
$t>{r^-W^yX^flJSr^LT^-W»^^A*t 

tt, z.<Dt$\t ^zmM 3 mikVo&&#m<nt?£<nmm&^ ± -=> 

tK ^ftTt^Tro^ftlS^^^i:^ 
*t#StwWIBd*fKftH'fkfe«-e-*«<Off$ ttc^L 

W?t?gic^fc5*ffi<0 9*>w>ft< i: t— oco^-ffiyOJ^t 
RW^a«)RStffi»-» Lt^t^^S a ;Ktt«*Hi: Uft 
&ftfci£&W«fcr5JRft363fcS!i« (1) §rfiH&"t~ 

[00 0 9] TtMir. K-©*3fe#«i, fg*^ 

o-cfgft^s*jp$^, m^<ommmimtm-^ hi) -y? 
* <om$r mz— sc uft ^mzyttmsi u, ii»§^ 

ytBM^wct. m-vm-yt^&bsMm&Vmx.tiy})?: 

^— <73B5OTAWSBA^JSft7t*3ff^-cortgB— A$t-frLft 

nng«±K*t$n, ftmi-xy x^^ttjWE^b^ 

- w ^^{rXM*Lftfe>ix, XyXA^coA#tffi^ 
^2" El (n = l£t±<Ofi^) iiig-frLftibn, C<7)$ 

<omm d *tiHkmo:¥m&frm<omz t izklx i ofg 



(4) 



#M¥6 - 2 7 3 7 1 8 



mk-tz-m&x^mm. (2) ^titt-ra,, 

[0 0 10] Sfc> -tlECOjfoftft^fi (1) *7t(± 

(2) co N ftmizw&tf&vbftfcm&x&mmz&i,^ 

3t*»B (1) ~ (3) ©vvTft^ioo, WffilwDfliSi 

(4) SrSflt-f-S. 

[0 0 11] -k1E£>ttift3fc¥lHI (1) ~ (3) 

(5) Sriilfc-rSo Sfc, -LfEwttftft^B (1) ~ 

(5) <o\.*-rtifi*io<om&x&mmzi$\,*Xs 
fi#¥§SB (e) sr^w-rs, $biw, ±K*>flJtfi3te3fc 

SB (1) ~ (6) ©v^-rix*»loro»fi3t*»BS:« 20 
[0 0 12] *38WO*»**aiB^*iV^-CH:. Wft 

t \ZMVX 1 0ffiFK±i-*-S. J«fi3t* 

[0 0 13] Sfc, J'JXAflctittJt^U^iOll© 
[0 0 14] 

b%7r>('< b coWfdigg L/c f# fcRH fc ft 5 

moos* tfBUtmttmj&09iaMsu&m*%&s&- 1 

[0015] Sfc. XraMa>fettift£¥*?*gMMft 
K-C«l:»^$*5Ct«JT*5. so 



[0016] 
[HJSCT1 

(Hlfi^Jl) KIT. IQfe«JcJ:5*flE«j^ttM-r5. * 
«W«>l«£«lSrElll^U, £.fx£#Jf.LTtft91-f 
5. 1 <DjK H H B 3fe^Bli, #JKJ: LT^gBi-RB 

2^(tbiXT^-5o 

[0017] myt^mb Lxm^btiz*.tiw*i&xfitii 

t>M<r>%y7J/<5i, 5 2 b Ltll, *fife»^7^Sr 

37tt5PlPi( (N. A. ) 0. 5 7C0-7r^^^ 
tarsus mm cv<>- h>77>f^i LfckcoSrfflv^ 

[00 18] ATM — 7cc — 5 5ioJ:t>*fcti7M V 
f—y^—xs 6t::{±i£bu>'X&-fflv\ /<yh>7r^f 
^5 l75»P>mW-$tbfc^;S:iau^X5 5 X'WffMk U 

6T^#£ffiM«^>'K/i'-7T--f'^5 2ic 
^TfebTV^o ll~4T*llAWy^-7i-^5 
5. ttS*-f ^.5 6 ir^3t^5 1 *5«fcO<5 

2t7UXAf$2A, 2B, 3 *3 ±D«4 «Sg^$tl7t« 
jg-e3E$*vCV»5#, _hi£<£> J; 5 t^B&tf- LXmitZ 

[0019] J: 0«BfcBJ&l3±tf#ffiK*ttteiflifcSMS 

^-7i-^*3j:U! u i^^-7x-^tU-CfV\ 
A7J-f V*— 7k— ^43±U5ttl*'1'>'^— 7i- ^Sr^g- 

V\ 7i)XAfr2A, 2BirfK H l^*T-3 0liffitlT* 

[00 20] JSal3t^3(IT- 3 0 <Dm&®. 3 1 CO^ST'CO 
*sfiS*-efc-5i: irfcldtitri 0 0%coiSv>KM^M#b 

n) rt-COTAataa*. ftw (1) ^;r-fEiii>$nses#^ 

s i n (e c ) = 1/n (1) 
[00 2 1 ] LfctfSoT, XUX^fls:2A > 2B©ffiM 
ffii^BBTt^^-3 0C0*S«tc0fti-^«$r, (9 0 
0 -6c ) K±liL4»tixtf«bftV^ »*3t* 
*^3 Oco^S«3 1 co*ffi(rSWWSr^i--5*i-&li 
(1) ^COi 9 ft*Jj^lift^fci6. 7UXAflJ2A, 2 

[00 2 2] jftft***^ 3 0 tt, SS« 3 1 , SBJft 
$1I3 0A. *SWC*S: 



(5) !|$uasp6- 2 7 3 7 1 8 



R3t LS Sr*ffl 1" 5 XSffi 3 0 C . *i«fc tfSJSlg 
5. 

[0 0 2 3] *3£*«-e«)»g\ »ft3te¥*^-05***6 

fflV\ 3tSl£3 1 i:R»#aSr*ffli-'5ft««3 0Ci: 

iB$*3 r J: B &lcft±U m#tfc£&: 10 

[0 0 2 4] rcot#, micoi^i-. #7^t£c7>SS 
IK 3 1 t^iC9#ffiT"COSWl4^7^coffitff^^J;o 

3 0 A^j*$tt5*SS3 1 roffi$r^jWfcQfliSa s fl^ 
[0 0 2 5] *»WCfflt^ix5iKftH^<»« 
sH^-eii, ^^^Hla^B-fbl^ h y y?xq>\z.& 
SrfflV^. tele, iE<Dffinmi}te.*ii-fZ)*-*?--y?Wi 

[0 0 2 6] M'^*l»n. tMStftffitJr^ (n 

0. 18«±Tfo5itW4 U\ S-fc, ^JtifcftX 

}Kfi«)5p«Wft^-aR dim) *s-t«>«ftl= 
fiJCTlotl^r b1iW§Z^\ mmta-i. An • R 

[0 0 2 7] Lfc^oT, ft^/i^"— -eiMfflcO/O- K 

/P7r^/<*fflv>-Cpra*w&S^« U = o. 4~ 

0. 7 Um) ) «>3fe«:£W1-«»£\ 

0. 4<An • R<0. 7 

[0 0 2 8] — 3r. 3ta(§ffl*^7rW^Srffli\ 
LT^^^^co^^^— 9*4 *— K^LEDCOifi 
(1 = 0. 8~1. 6 (nm) ) cotji-ffig 

e-Ne if^igflcu— y-'ro^— gcftroftSrfttHffl 

fflKffl<^54&-§\ jfoSW^K^F-gRtt, An • R±?X 
[0029] rwl^ossii^x, /7^f-> so 



[0030] -tn-enm^if+^ro— *r<DS«rat3 x -^.n 

(vrnrn m t »aiar— s ufc t £ i=3t**aia u —a * 

[0031] Afltfcjtrtiu m&m^m^-t i^xm^n 
<o&&te$LZMz.mm-* v y yy-xt^oiKomftiz 

ftm £ tilt* y 9 m& t fab ft 5 ft A @-(t:#)«-g-fr 

[0032] z<Dm*tti(D£mzi&£iitcm<ikv>)^ t 

co-r-r □ * ^t^«s^±t»4 LTi/^i < T h X < , 

fii^ a « iwiga l t v> -5 x h x v >„ 
[0033] *&mizm\,*z>wi£kmikv>>m&#\-i. m*- 

t£UT<DX jizLxmmztiz. *^^-y?m£kt. B 

\krn-* v y yy-^ *mi&-$-z>mikmk£m t 

xmkW-*h» -yy-x&ftMV. itt^hy-^^t 
y Lfc^fl|?r i: 5 J; 5 t^-fixtf J: 

[0034] ttffltSWtttMtti. tfiflMfc**:!*** 

»»*uv\ #(^, muk*'(7'<Dmikmk&®)*m)<* 

<D*-i-3- y 9 WiM, t mmiz $rfflv >Tir /USr^fig 

[0 0 3 5] *7t. *&mz*srt &&&]l£!£**<OWfe 



(6) 



#$l¥-6- 2 7 3 7 1 8 



s/ ? t mtmt&w t <o&mit<om&vo & n — /ua 

[0 0 3 6] iix^ro^-r^s/^jSftir^ttt-ft 
[0 0 3 7] W_h, ^fi-g-tet-iSMit^te^r^Lfc 

[0038] o^ici, -troteroffififc^icoi^csfces-r 

5„ jfogdt^iif^- 3 0©StS3 0 Ai U-C(4 I TO* 
[0 0 3 9] Lfc/^-oT, SW3 0Ct?tr/iIi5i# 

< ft&i-zmmnm&ittmmxh 0 , «i4^ sr^-r 
i«5i, 5 2©#m aw^-7x 

[0040] l?^u S&fc&gSJMgriSif^-f-sfctf), 

#ffisww* teas** u fijffl t-# aaa* 

&<D%I— mW-mX-fo^tilb* Wdh<V*Z£ (fyf) 
[0 04 1] — flB**SriW*»<»J»LfcV^H3t* 

la \ mam±\zm^t z tutmmwm t wok mmm.-^ 



10 

(-14, S0jm^co±(iS i O2 tMgFz ^CDt&jgiff 

frftffi3octi,x\imm$:mizxTju-L~vj±m 

[0 0 4 2] 5l&«3 1 (D&Mmt&i5.k<Dftm\Z.]S\,> 

o ®«f*«o/h$ /.ems, mm*? -ymnmmm 

[0 0 4 3] KAB^bm-frm^SntMiro 
Nrli3tej»***R 3 1 -C^KAtS4x5K«tffi««H:BI 1 \z 

m£ix%£.o\z~u<Dz>-xibz>fr, m&mtmifc&to-m 

[0 0 4 4] *3t, fiS^ B ?t¥»T05Rltffi<O*{PJt-?a* 

bid, r i^ftffl 7 r v^Wit, 

[0 0 4 5] ADyy7 7^Xe77^?^7 

b7Jt*4: fl»Ero«*36** I f : 3 o (OWMffllz i 
0 0 H z ©J©{?«S:*«K«£ES:PP*PU» Jlx&mffifit^ 

tmZ>Z.kt,z£oXny£mk Lfc„ ^©±5 4*^ 

SriDELt. 1 t'*«t«6fc 0 

[0 04 6] ^1 tr*3l >"C, +B*tW7feSig^»Jt«5^J5: 

?aar$r«*b, »j^3tJt»4o < C/0^5 o , c<Djas«£ia 

lCdolt5f^a B B7t^^wMmffi{itO Vk 3 0 VizMT 
[0 0 4 7] 

mi) 



so 
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mmt 


(m s e c ) 


ttMtmi 




9 8% 
100X 


2 5 0~2 8 0 
3—15 


1 5 

1 5~2 0 0 



[004 8] Z<D&mfrb. *«M«5*J*»iJ:0 3ta* 
14 ti t A/ if /h $V>JS, ?N5tJt<OjRSiW[6l-h t 
*rit<5Mi-CV*3£ ir^^S. Ifciiot. *3t*«« io 

i:ft5: ir^r-^^o 

[0 0 4 9] *jSEl*¥Sffll4, ttllt«3t7rW 

^-Y J: 9 S/NJt©iS!i^W-»Sr-*-S»&»= 

WEieSfa yy<— fc5VM4JgK)M^ a SdJfc^ 
[0 0 5 0 J RStffi3 0 Cf4TA'5 = ^&i:*?*£:JS,R 

#H"5 «fc b *»3t*W4Sr*i-5 =»— A* K 5 9 - 

ftw-tlfCJtLXSMf 1 0 0%©?7-Wt- 

[00 5 1] (3IJS0IJ2) 02Srffll>-CIftW-r5o *H 30 
IfiW-ettSI* W 1 WffiJ* t <9 , 3 0 A ir Xtt 

gsociiv^fntseini^ t t^jstf^pffis-c-fc 

4. *7b, ttAHftfMftg-ttll 3 o B tS*t#a©KSt 

B-ffc^-g-Wf 3 0 B ijgB^&^ttS 3 0 A*S J;U^« 
@ 3 0 B tf>35 1 C 5 jEmM&yt<Dft& Sr83t& 

©i)t¥g5 2fc:Pliil_-&i^4 ir*s-C#5. 
[00 5 2] ^K>->7hS6l4, KS1^^^<|:I3 40 
0 B^cOAtbfccDAtttl 0 irKtt#I§:<DR*rffii:</5Sg«f 
dfCioT5 = 2 d • t a n 0 irf2iE$iX?)„ 

14. ->7 hid *«J*fiB(t4WS-&#:« 3 0 B—OA&bfc 
oRB#t^LW±-C-fc^xt4*J;i/>„ iroi^iat, ^pfl* 

fifc^SRT-a^SMfci-Sfc*, H^lw(4d = 0. 5~3 so 



0mmgl!JiifJU^ 

[00 5 3] **Jfe0iJT*(47feii{f1tf8'Bi*ffl«=' 

5 1, 5 2iUffiv\ JBlff*»*S 

5. W73-r^— 7s- *5 6 i: LtiV^c, %-7t4 
^<*ft3t»4&* 1 . 3Mm*Jj;0«l. 5 /i mjff#*M£(D 
ifJtSrJSVvfc. 7!)XAfl:2A, 2 BI43-* 
02(c*$tv-5 4:9(^A7J^>'^— 7^ — X5 5, EijTJ 
7^— *5 6 i: f^ B a B7t^^- 3 0ffl$S«3 1 

[00 5 4] 4 fc, SSiS!^*^ 3 0 CDSJ^K 3 1 <7>Si 

14, 3 1 co^ffi-C-CSMSr^SWT'(4/«c < 

#JlJglS 7 -"CfT (1) 5£-<?SEifci**L-5£R«- 

■£#&«fc-f- ! &5{4#V\ > 
[0 0 5 5] Lfc^oT. ftfiBteGtrtStefWiSOB-e 

(1) 5£-ej&£.5BMMI 0 c £9/h$«7JtA 
■C»ftHft*WS'&*S 3 0 B C:A*H-5 ipC/yXA 
*2A, 2 B(D«£4^ 

[0056] ^mmmx'\i. m&wc.ws&tom 3 0 b 

coff^2 0/imtU gli3 1t3J;OsiSS3 2$r 

0 6 a±coS5^f^Jtir 2m s e c EtTrojf 

[00 5 7] (mftW3) H3SrfflV^-C»Mi-5. *H 
SSWT'l4HJ£Ml«0^i:S^?)> ^mi®3 0 Acoffii; 
S«®3 0C<Offi(4i:'b(;{SI? 5 FaT-foS o 2 

j»SR#3*tS. ^ H B B @^1g-g-^3 0Bir^-r 

5S«4*t«3 0Ai: MmU 3 0 C ir (43tS»t#^ 9 

oT, »t*3t**T- 3 0 rt»ro^il4ffffiSatSrlS8*-*- 

[00 5 8] 7tSr**c? it-Tic:. Jiir— *r— wH^-ce 

$»iifS*$*t^f fc*, PET7^i/A«i94ilS 



(8) 



¥fffi¥-6 - 2 7 3 7 1 8 



13 

[oo59] &mmmxr&. zom&mim^frm 3 
o b x~cDRffi<D^tj:iE®.%.%$%.fc ammyt y r ■< s 

OAi aSfaE-ft^lS"^/! 30Bt 3 0 C 0# # 

SBt3tS#t^K>SMtS9 OtASfffltiJ: 9 KISS £ 

[ 0 0 6 0 J *:<D®&jk a 14, 5 1, 5 2 

SbSSSiVA- Hi^WV^— 7* — ^5 5, 5 6 0M, 

2tdA*t-r?)wi:l4^V^ 

[0061] ytmmmmm7r-is«Dm&. 37^2 

0 0jimWTi:a<. N. A. t>/h^fc*Mil£4:ftSa 
(40. 1° ~10° <75|Sia^£f* Ll/\ — S\ ^t^^yu 

bTfflV^«0-C3fee^g|5<07r-f^li2~2 Ommi 
S£A^fc*IS&MI«al4l° -20° oaSH/^if * L 
v\, 20 
[0 0 6 2] £f>K, ^^MaiLfc^t, 

$ s/ 5=- 5 — T XriSdlE D^-T < ^gdW^Sig 
[0 06 3] *iafe«-CJ4, USSCT 1 t m 5 m 

[0064] &mnmxiL i&mm&& <t 9 zEjttcn 

5fc#>, S*t^5r =— ^K5 7-i U ?fiftPfi3§6 0 

t Lxn*fflw<r>^*3-=%*km&-te^y-&mib&$. 

[0 06 5] El 3 «5«^-C*^*SH4SrWfiB Lfc t £ ^E>, 
- 2 o*C^P) 8 0 < C<o^v^iS^ifiStr:*5^T, ^W?B3t 40 
tt3 2 0^#^5tifcl:, PPAn«ffi*btHia*H!fet> 

5 = ^A^<^"bCD(-lt^r =>— KS 7— I4C0^^5 1 0 

[0066] $ ?j ui, gAifftpj istzmmm<offii&<Dms> 

Jt**BJw*iV^-C, jg B B B 3t^*^-3 OSrBatffiOBI 
«3 2W11) a»b»S9fiflOHW^#»3l*J*i:*oT 
v**. »«»*•]»«:£ LTtt, tti«S:S»UTaft 
77 fc-S^tt^i^a^^, WHftfc— * so 
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[oo67] mmm 4 ) 4 sria 4 tai 

t!llElK*3J;W£«m»5i6 0 SrKlWBIW-rsS^iaKSfc 

[00 6 8] ^H^Uf^-3 0 iTT-y XAfl£3 

ir, o y 1 O-f y^-7i-x 5 5 

&-fZtZm2 <0->( —7 5 6t£k'fabffif&£tl. 

[00 6 9] fS^Jt^SlT- 3 0 fiOftAfcW t, L < fiaiW 
ffiiltf)gB^^lS3 0A (ITO&if) iiSM$h5 
S«3 1 <7?^f7^ffi(47n^. h^ail^ixTV^o KStffi 
t LTi4A*bfc-?fc-54#5£<OLD (u— K) 

7r^/<i LTt4, FC3*^?-g9BI»538S77 
Wf^«7r-Y^*fflv >fc„ 

[00 70] A^-T V* — 7s- ^ioi^W^-f — 
7x-XiU, ^•H^ f 4x!c:iES= 1 . 8mm, fc'^ 
= 1/4, l/yXft=4. 7 3mm©KS8 3 0 nmL 
Dffl^U-fy K-T yfy^IWn -> KU^X (NS 
G:t/U7*y^vyX) SrfflV^Tc, 

[00 7 1 ] 7yXAflsi:LTtt3t^7^<7)BK7Sr 
AW^-7i-X5 5 (nyKUVX) 

fS«Lf:(0*,SMirofc B a 3fe^3 OCSl 8° co 
A#t^T-A*t$ii:, Stt^S (Ilffi3 0C*stffi^ 

ffi3bfSStLfc«*>tll7J^^-7x-^|;J:0^ 
LTV^„ r<7)^;(4, $ t>fCtiJltffi!|»3t7rW^5 2OT 

[00 7 2] **J601J-C»4, HJS^J 2 t £S1 

^m+m^^m&xmmwi&mi^x. t<oyt^^m 

^L7t^*Sr*2lc*i:i6fc„ S 2 irJoi^T, *B»W* 
[00 7 3] Sfc, l»ISl4tIia^«rtT-ff ?a^ii 
b, SBI«?H*tt:J3J:tfrt;*jS«Sr» -2 0td^6 0t 
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